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ining is an inextricable part of the American

story. What starts as rock in the ground goes on

to become the inputs that build America’s homes
and buildings, transportation systems, energy generation
and transmission, defense systems, and technological
capabilities. Mining is the foundation that allowed
the United States to be a military leader, providing the
minerals needed to manufacture tanks, missiles, fighter
jets and warships. It is the reason computers, phones, and
iPads exist. Mining is the reason we have energy and can
turn on lights every morning.

Today, the United States is 100 percent import reliant

for 12 of the 50 minerals identified as critical by the U.S.
Geological Survey (USGS) and over 50 percent import
reliant for another 29. China is the top producer for 29

of these critical minerals.! This dominance is the result

of decades of minerals-centered domestic industrial
strategy and foreign policy. China has repeatedly shown its
willingness to weaponize these minerals. Over the last two
years, China has rolled out export restrictions, including
complete bans, on antimony, gallium, germanium.?
Furthermore, China has a stranglehold on minerals
processing, refining between 40 and 90 percent of the
world’s supply of rare earth elements, graphite, lithium,
cobalt, and copper.

Reducing reliance on China and creating resilient mineral
supply chains is one of the most bipartisan priorities in
Washington, D.C. This is demonstrated by the efforts of
the last two administrations. In 2017, President Donald
Trump issued Executive Order 13817, intending to improve
the management of critical minerals needed for economic
prosperity and energy security. In 2021, President Joe Biden
issued Executive Order 14017, which led to a review of ULS.
critical minerals and material supply chain vulnerabilities.
The assessment released by the Biden administration
discovered that the overreliance on adversarial countries
posed a threat to national and economic security.

Geopolitical tension and war have motivated the
advancement of critical minerals policies for nearly a
century. At the start of World War II, the United States
adopted the Strategic and Critical Materials Stockpiling
Act 0f1939.* In his letter to Congress, President Franklin
D. Roosevelt noted both that commercial stocks of vital
raw resources in the United States were low and that
“In the event of unlimited warfare on sea and in the air,
possession of a reserve of these essential supplies might
prove of vital importance.” By 1942, non-essential gold
mining was restricted by the U.S. government so that

it could free up mining companies’ capacity to focus on
more critical minerals needed for the war effort.® Less

Figure 1: Share of Top Three Producing Countries in Mining of Selected Minerals, 2022
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Figure 2: Share of Top Three Processing Countries of Selected Minerals, 2022
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than a decade later, the Defense Production Act of 1950
was passed in response to the Korean War and provided
authority for allocations to source strategic minerals
needed to manufacture defense technologies.”

While conflict and uncertainty have been the biggest
drivers of advancing policies to build secure minerals
supply chains, demand for minerals has largely been
driven by industrialization, technological advancements,
decarbonization, and economic growth. For example,
in 1975, the United States required that catalytical
convertors be installed into automobiles to reduce
emissions. These catalytic convertors drove the long-
term demand of platinum group metals and have
single-handedly made American air cleaner and more
breathable, reducing harmful exhaust gases from
automobiles by over 90 percent.® Copper is another
example. It is a necessary material for many of the
advanced technologies that are essential to the modern
global economy, including in infrastructure, clean
energy, electronics, and automotives, and copper

wires connect electrical grids, integrated circuits, and
telecommunications systems. In order to meet net-
zero carbon emissions by 2050, annual copper supply

would need to double by 2035.° The artificial intelligence
(AI) industry is putting additional pressure on copper
demand. The data centers that process Al applications
could demand up to 200,000 metric tons of copper per
year between 2025 and 2028, adding another 2.6 million
metric tons to the copper deficit in 2030.%° Copper
reached its highest ever price—$11,000 per metric ton—
on the London Stock Exchange in 2024.1

As technologies advance and become cleaner, and as
demand for them grows, the mineral needs of the U.S.
economy intensify. The competitiveness of the U.S.
domestic automotive, energy, technology, and defense
industries will be key to determining the United States’
standing as an economic powerhouse and global
superpower in the decades ahead.

The United States will need to strengthen both its mission
clarity and its execution. At present, the U.S. government
has yet to agree on a single critical minerals list. Because
copper is not on the USGS list, it has been ineligible for
investment incentives from the Inflation Reduction Act
(IRA). Additionally, there is no centralized agency or
department to coordinate mining activities or execute
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a strategy. There are 15 government departments and
agencies working on critical minerals, including the
Departments of the Interior, Commerce, Energy, Defense,
State, Labor, Homeland Security, Treasury, Agriculture,
and Education; the Export-Import Bank; the U.S.
International Development Finance Corporation;

the U.S. Agency for International Development; the
Environmental Protection Agency; and the National
Aeronautics and Space Administration (NASA)."?

The Bureau of Mines, which was initially opened in
1910 to coordinate all mining activities, was closed in
1996 and never reopened. Most of these departments
and agencies are working on their own critical
minerals efforts, with little interagency collaboration.
Ultimately, strengthening coordination within the U.S.
government must be a priority.

This book has three sections. Section 1 provides an
evaluation of the critical minerals needs of four vital
industries—semiconductors, defense, electric vehicles, and
renewable energy—and provides recommendations for
strengthening the resilience of these supply chains. Section
2 evaluates key Biden-era initiatives related to minerals
supply chains—the IRA, CHIPS and Science Act, Defense
Production Act, and the Minerals Security Partnership—
and provides recommendations for reforming. The final
section provides an analysis of key issues—domestic
permitting, building midstream processing capacity,
commercial diplomacy for minerals, deep sea mining,
responsible mining, and government coordination—and
provides concrete recommendations for how the United
States can strengthen its performance in these areas to be a
competitive and credible global leader.

SECTION 1
CRUCIAL INDUSTRIES RELY
ON CRITICAL MINERALS TO

REMAIN COMPETITIVE

Safeguarding the supply chains for advanced
technologies in strategic industries is an economic and
national security imperative. Policymakers now face
the immense task of fortifying supplies of everything
from lithium and graphite for advanced battery
chemistries to tungsten and rare earth elements for
the next generation of warfighting technologies.

Accordingly, the first part of this book delves into

the mineral needs of four key industries to U.S.
economic competitiveness: semiconductors, defense,
automobiles, and renewable energy.

Semiconductors

Semiconductors are foundational to virtually every

part of modern life, powering technologies that drive
innovation, connectivity, and efficiency. They are used
in smartphones, computers, military applications,
medical devices, and automotives. Semiconductors

are mineral intensive—small but essential quantities

of gallium, germanium, palladium, silicon, arsenic,
titanium, and other elements are needed to produce
the array of semiconductors required for such diverse
applications. The production of these resources is largely
concentrated in foreign adversaries, exposing a severe
national security risk. USGS has estimated that just a 30
percent supply disruption of gallium could cause a $602
billion decline in U.S. economic output, amounting to

a 2.1 percent loss of gross domestic product (GDP)—a
significant economic impact.’® Semiconductor supply
chains will not be secure until the necessary mineral
supply chains are secured. In Chapter 2, Gracelin
Baskaran and Meredith Schwartz assess the minerals
needs of the semiconductor industry and provide
recommendations on developing appropriate incentives
and leveraging research and development.

Defense Industry

Minerals are the bedrock of the defense industry.

They are used in a wide array of defense applications,
including military weapons systems, ammunition, and
aerospace technologies. China is rapidly investing in
munitions and advanced weapons systems, acquiring
new systems roughly five to six times more quickly
than the United States.* While China is operating with
a wartime mindset to enhance military readiness, the
United States has maintained a peacetime approach.
Even before new restrictions, the U.S. defense industrial
base struggled with insufficient capacity and surge
capability to meet production demands for defense
technologies, many of which are highly minerals
intensive. Restrictions on critical mineral supplies will
further widen the gap, enabling China to advance its
capabilities more effectively than the United States.

In Chapter 3, Matt Zolnowski describes Department
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Figure 3: U.S. Import Reliance on China by Mineral Type (as Percent of Consumption)
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of Defense (DOD) actions to mitigate critical minerals
vulnerabilities and advises how the department can
update war-planning assumptions and stockpiling
programs to prepare for a future crisis.

Electric Vehicles

Electric vehicles (EVs) are a major driver of innovation
in the auto industry and are shaping the future of
mobility. While the EV industry is important for the
clean energy transition, it is also of vital importance
to the U.S. economy. Domestic automakers began the
commercial production of hybrid EVs in 1997.% They
have spent decades investing in the development

of the EV industry. EV investments in the United
States over the last nine years reached $199 billion
and created 201,900 EV-related jobs. By June 2024,
automotive manufacturing jobs reached their highest
levels since 1990.% EVs require significant quantities
of minerals. While a traditional internal combustion
engine (ICE) requires an average of 32 kg of critical
minerals, an EV needs an average of 210 kg—over a

50 60 70 80 90 100

six-fold increase. Therefore, the domestic auto industry
now faces the daunting task of sourcing minerals from
reliable and responsible partners amid a shifting policy
landscape and swiftly evolving battery technologies.

In Chapter 4, Duncan Wood and Alexandra Helfgott
look at EV trends in the United States, assess the
battery landscape, and examine how the United States
should provide support to sustain an innovative and
competitive domestic EV industry.

Renewable Energy

Renewable energy technologies will be key to
unlocking new, cleaner sources of energy. In the
United States, wind and solar together provide 15
percent of electricity generation, with both sectors
poised for substantial growth. In 2023, there was $248
billion in clean energy investments. This is over a
three-fold increase from 2018." Today, the renewable
energy industry employs 8 million people in the
United States.’® Southern states have been the biggest
beneficiaries of clean energy investments, receiving
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$428 billion between the first quarter of 2018 and
second quarter of 2024, followed by Western states
($327 billion), Midwestern states ($149 billion),
and Northeastern states ($90 billion).” While this
renewable energy buildout promises greater energy
security, lower costs, and reduced emissions, it will
depend heavily on secure mineral supplies. Wind
farms and utility-scale solar facilities require far
more mineral inputs than conventional power plants.
Both technologies rely on critical minerals for their
advanced electronics and components. In Chapter
5, Joseph Majkut highlights two materials especially
imperiled due to rising demand and a lack of supply
chain diversification—rare earth elements and
polysilicon—which are essential for wind and solar
power, respectively. China currently dominates the
supply chains for both.

SECTION 2
PROGRESS UNDER THE BIDEN

ADMINISTRATION
Important but Incomplete

In recent years, Washington has come to the
realization that crucial U.S. industries and
technologies are reliant on supply chains that are
heavily concentrated in foreign adversaries, namely
China. Advanced semiconductors designed in the
United States are being manufactured and packaged
in Taiwan. American automakers are producing EVs
using Chinese battery chemistries. Domestically
produced solar panels are made with Chinese solar
cells and polysilicon. Over the course of decades and
with the assistance of state-led industrial policies and
billions of dollars in subsidies, China has grown to
dominate the manufacturing sector for the cutting-
edge technologies that the modern economy relies
on. The risk this poses to U.S. national and economic
security is untenable.

To that end, diversifying supply chains and boosting
American manufacturing and ingenuity was a central
objective of the Biden administration. To achieve

these goals, President Biden enacted major pieces of
legislation like the IRA and the CHIPS and Science Act,
invoked the DOD’s Defense Production Act to boost the

industrial base, and initiated the Department of State’s
Mineral Security Partnership to further international
cooperation.

These policy measures have been impactful in
stimulating private sector investment as well as
changing the narrative in policy circles around what
qualifies as a strategic industry and what the role of
government should be in securing supply chains. But
these policy measures also have some significant gaps
when it comes to the upstream mining and minerals
industries. The new administration will be tasked
with determining how these initiatives under the
Biden administration can be modified, improved, and
strengthened to better fit the mining industry’s needs.

Inflation Reduction Act

The IRA is the Biden administration’s flagship

climate initiative, providing unprecedented levels

of government incentives in the form of tax credits,
grants, and loan guarantees for the clean energy
industry. The bill includes provisions designed to
address the entire circular clean energy supply chain,
from the production of lithium and graphite to the
manufacturing of EV batteries and wind turbines to
the recycling and recovery of materials from end-use
technologies. While the IRA has driven unprecedented
investment in clean energy supply chains, sourcing
critical minerals remains a critical limitation. In
Chapter 6, Gracelin Baskaran and Meredith Schwartz
score the IRA on how well it has achieved its objectives
thus far and give recommendations as to how the
minerals-related provisions may be altered and
expanded upon to better meet the needs of industry
and national security.

CHIPS and Science Act

The CHIPS Act, signed into law in August 2022, was

an amalgamation of a number of legislative efforts

to address both a rising China and the United States’
desire to firm up access to semiconductors following
the pandemic supply chain shock that froze consumer
access to a wide range of products. Although this bill
addressed a wide range of science and technology areas
relevant to U.S. competitiveness, it did not prioritize
securing American access to critical minerals. As

a result, the CHIPS Act’s focus on critical minerals
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access is minor, with the majority of funding going
toward research and development for chip innovation,
workforce development programs, and, above all,
attracting investment in semiconductor fabrication,
assembly, testing, and advanced packaging. Congress
needs to act to explicitly address minerals relevant to
semiconductor production, as they have for minerals
used for EVs and clean tech. In Chapter 7, Kellee
Wicker analyzes the impacts and shortcomings of
the CHIPS Act and provides recommendations for
strengthening the legislation.

Defense Production Act

The Biden administration also invoked the

Defense Production Act (DPA) of 1950 to secure
critical minerals for the defense industrial base.

The DPA authorizes the president to ensure the
availability of U.S. and Canadian industry for U.S.
defense, essential civilian, and homeland security
requirements. DPA Title III, Expansion of Productive
Capacity and Supply, includes incentives for the
DOD to develop, maintain, modernize, and expand
production capacity or critical technologies. DPA
Title III funds cannot be used if other funding (e.g.,
private investment or funding from other agencies)
can be secured. Given the private sector’s reluctance
to make investments in critical minerals projects
due to market price volatility for these materials, the
DPA has proven to be a vital financing mechanism.
In Chapter 8, Christine Michienzi details how the
DPA has been used so far to support the critical
minerals industry in the United States and Canada
and gives recommendations as to how the new
administration can best leverage the program.

Minerals Security Partnership

The Minerals Security Partnership (MSP) is a
multilateral State Department initiative uniquely
focused on minerals security. Since its inception in
2022, the MSP has mobilized a coalition of market-
led democracies, primarily Western developed
nations, with India as the only developing nation with
membership. By 2024, the MSP supported nearly 30
minerals projects around the world and has brought
additional mineral-rich countries to the table in the
MSP Forum. But many unknowns and questions still
remain as to how efficacious the MSP is and how it

endures in a new administration. In Chapter 9, Jane
Nakano suggests several modifications to the MSP that
could accord more dynamism and long-term durability.

SECTION 3
ADDRESSING CHALLENGES
AND OUTSTANDING
QUESTIONS IN THE CRITICAL
MINERALS INDUSTRY

The minerals industry faces a number of unique
challenges that policymakers must address in the
coming years if they wish to substantially shift mineral
supply chains and improve U.S. industry’s access to non-
Chinese mineral sources. The third part of this volume
delves into some of the biggest issues and questions
facing the industry, from how to expedite the domestic
mine permitting process to whether deep sea mining is
the future of minerals extraction.

Domestic Permitting

Mining is the first step in the critical minerals supply
chain, yet permitting a mine is a major hurdle in
domestic critical mineral production that has yet to be
overcome. On average, it takes 29 years to build a mine
in the United States, the second-longest time in the
world. Obtaining permission to operate a mine in the
United States today involves securing federal, state, and
local permits. A project can require up to 30 permits,
many of which are duplicative.?’ Policymakers on both
sides of the aisle are calling for a modernized permitting
system that facilitates the development of domestic
mining projects. In Chapter 10, Morgan Bazilian and
Gregory Wischer review the history of permitting policy
in the United States and provide actionable policy
solutions to streamline the process.

Building Processing and Refining Capacity

In the next stage of mineral production, also known as
the midstream, mined mineral ore must be processed
and refined into the high-purity metals and materials
used in end products. This stage of the supply chain

is where China truly dominates. The dependence on
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Chinese processing creates strategic vulnerabilities,
exposing the United States to potential supply
disruptions due to geopolitical tensions, export
restrictions, and price manipulations. To reduce these
risks and bolster national security, it is essential to
enhance U.S. midstream processing capabilities. In
Chapter 11, Adam Johnson explains the importance
of building domestic mineral processing capacity

and provides recommendations on developing

the workforce, leveraging strategic reserves, and
streamlining permitting to accelerate the development
of midstream capabilities.

International Engagement

Over the past 30 years, China has emerged as a key
player in mineral supply chains through strategic
international engagement. Although it produces only
10 percent of the world’s lithium, cobalt, nickel, and
copper, China imports sufficient quantities to process 65
to 90 percent of the global supply of these metals. This
dominance is the result of years of industrial planning
and foreign policy initiatives from Beijing. Given the
United States’ limited domestic reserves—including less
than 1 percent of the world’s reserves of commodities
such as cobalt, nickel, and graphite, and less than 2
percent of manganese and rare earth elements—it

must develop a strategy to reduce its dependence and
enhance its mineral supply security. In Chapter 12,
Gracelin Baskaran provides a novel framework for
determining which international partners to prioritize
and gives recommendations for how policymakers
should engage in commercial diplomacy. These

efforts should prioritize financing minerals security
needs, leveraging soft power through infrastructure
development and geological mapping, and developing
carrots and sticks to drive market-based activity aligned
to U.S. government interests.

Deep Sea Mining

While today’s EVs and semiconductors are manufactured
with minerals from land-based mines, this may not
always be the case. Minerals that are found in nodules

at the depths of the ocean, including manganese, nickel,
copper, and cobalt, offer immense untapped resource
potential. However, the environmental impacts of
extraction from these sources remain largely unknown,
and a set of international regulations has yet to be

finalized. Still, China continues to make strides in
developing the necessary technologies and exploration
licenses to capture deep sea resources first. In Chapter
13, Seaver Wang provides insight into the status of the
deep sea mining industry and the opportunity to change
the calculus around mineral supply chains by expanding
tax incentives to cover minerals mined from the sea,
strengthening support to seafloor minerals research to
improve environmental management approaches, and
providing financing to strategic demonstration projects.

Responsible Mining

Mining is an industry with a complicated, and

often negative, reputation due to all-too-frequent
incidents of environmental degradation, human rights
violations, social unrest, and devastating workplace
accidents. Therefore, responsible mining standards are

a nonnegotiable to ensure that U.S. and allied mines
operate under best practices. As a major consumer and
increasingly important producer of mined materials, the
United States has a critical role in promoting responsible
mining practices. In Chapter 14, Rohitesh Dhawan
offers insight into how permitting reform can be done
in a way that promotes responsible mining practices
and advantages projects that follow high standards, how
responsible mining standards can be used as a criterion
for public procurement of metals or metal-based
products, and how green premiums can be leveraged to
financially incentivize responsible mining.

A Comprehensive U.S. Strategy for Minerals
Security

Minerals policy has shifted quite significantly since
2010. The Obama, Trump, and Biden administrations all
approached the critical minerals challenge based on their
respective times and the policy tools at their disposal.
America has learned much from these experiences.
Reflecting on those experiences, Frank Fannon provides
a suite of recommendations in Chapter 15 for the new
administration to retake the commanding heights of the
new economy: developing a single point of accountability
to oversee and coordinate the administration’s multiple
lines of minerals policy efforts, reforming financing

tools such as the DFC and Export-Import Bank (EXIM),
undertaking permitting reform, and eliminating
provisions that allow firms with any Chinese ownership
from receiving taxpayer subsidies. Successful action will
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require an “all-of-the-above” approach.

Looking Ahead

The mission we undertook in compiling this book

was to provide a comprehensive analysis of the
indispensable role critical minerals play in the modern
economy’s most strategic industries, and to more fully
understand and address the vulnerabilities the United
States faces in securing the minerals upon which it so
clearly depends. Furthermore, this volume is rich in
policy proposals for the new administration, laying out
a path forward for the most pressing challenges facing
the critical minerals supply chain, from extraction to
processing and refining to end use. These challenges
are real and profound and require urgent attention—
but as the chapters in this book demonstrate, they are
not insurmountable.



SECTION 1

Crucial Industries Rely on
Critical Minerals to Remain
Competitive
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CHAPTER 2

Powering Technology

Critical Minerals for the Semiconductor Industry

By Gracelin Baskaran and Meredith Schwartz
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The success of the Western
semiconductor industry
depends on reliable access
to the critical minerals
that are responsible for
continuous advancements
in the industry.

emiconductors are the fundamental building blocks

of modern technology, necessary for everything

from smartphones and laptops to communications
and energy-storage systems to military and aerospace
applications.?! These integrated circuits are called
“semiconductors” due to being partial conductors, a unique
property that enables them to control the flow of electrons
by acting as both conductors and insulators.?? Therefore,
semiconductors rely on small but essential quantities of
specific minerals with these properties to function.

Silicon, gallium, and germanium are the most common
semiconductor materials used to form wafers, with
different chip applications calling for different materials.?®
However, a myriad of other critical minerals come into play
during the manufacturing stages and doping process—in
which additional metals are introduced to slightly alter the
chip’s conductivity—to create just one integrated circuit.?*
Palladium, arsenic, iridium, titanium, copper, and cobalt
are just some of the additional minerals that are necessary
for semiconductor plating, wiring, doping, and packaging
during production.?®

The critical minerals most central to semiconductor
production have high-risk supply chains largely
concentrated in China. China produces 98 percent of
the world’s refined gallium and controls 68 percent of
refined germanium production, 79 percent of the world’s
silicon, 40 percent of its arsenic trioxide, and 67 percent
of its titanium.?® The United States, meanwhile, is reliant
on imports to access the materials needed for high-
performance semiconductors. In 2022, the United States

produced no arsenic, no gallium, less than 2 percent of
the world’s refined germanium, 3 percent of its silicon,
and less than 1 percent of its titanium.?’

The concentration of global critical minerals supply
chains in the hands of adversaries presents a major
security challenge for Western chipmakers. The chance
of prolonged and widespread supply disruptions

for semiconductor minerals is high, as China has
already demonstrated its ability to restrict the flow
of key minerals in the global economy. In July 2023,
China announced export restrictions on gallium and
germanium.?® A year and a half later, China cut off the
United States from Chinese gallium and germanium
entirely through complete export bans on these
materials targeted specifically at the United States.?

The semiconductor industry is too central to UL.S.
economic and national security to allow such an evident
vulnerability in its supply chain. To truly secure the
Western semiconductor industry, policymakers should
address mineral supply chain vulnerabilities, not just
vulnerabilities in downstream chip manufacturing.

THE IMPORTANCE OF
MINERALS TO ADVANCE
SEMICONDUCTOR
TECHNOLOGY

The critical minerals necessary for semiconductor
production hold the key to furthering innovation in the
industry. A concept commonly known as Moore’s Law
stipulates that the density of a semiconductor (i.e., the
number of transistors that can fit on a 1-square-inch
microchip) will continue to rise every year, equating to
more computing power, higher speed, and more complex
applications.® For decades, silicon has been the wafer
material of choice for most semiconductors due to its
abundance in nature and thermal stability, making it

a cheaper choice well suited to the early electronics
industry. However, silicon alone may be close to reaching
the physical limits of Moore’s Law.*' Rather, gallium and
germanium are essential additions and alternatives to
unlocking more advanced chipmaking.

Gallium and germanium have certain advantages over
silicon that make them ideal materials for increasingly
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advanced semiconductors. Germanium’s high electron
mobility allows it to conduct electrons nearly three

times faster than silicon, translating into faster device
performance.®> Semiconductors with germanium
channels, known as complementary metal-oxide
semiconductor (CMOS) circuits, are used today for
quantum computers. Gallium similarly offers greater
conductive potential for higher power density and
energy efficiency.*® High-performance chips made with
gallium nitride (GaN) and gallium arsenide (GaAs) are
used in advanced defense applications from satellite
communications to missile detection systems. Production
of GaN chips is expected to grow more than 25 percent
annually through 2030, with defense applications driving
this increase.3*

Gallium and germanium are indispensable materials
for the future of the semiconductor industry. But with
current supply chain challenges and no U.S. sourcing
alternatives, these materials are increasingly difficult
to obtain. The next generation of chipmaking requires
policymakers to devise and execute a critical minerals
strategy that ensures the industry will have a reliable
supply of needed materials.

MINERAL SOURCING
CHALLENGES

Gallium and germanium are especially rare in the Earth’s
crust, at only 19.0 and 1.6 parts per million (ppm),
respectively. Copper, in comparison, is estimated at 60
parts per million.?® These concentrations of minerals
are too widely dispersed to be recovered directly from
the Earth. Rather, the only economically viable way to
source gallium and germanium is to recover them as
byproducts from the mining and processing of other
minerals. Gallium is sourced from bauxite ores through
aluminum smelting, and germanium is primarily
recovered from zinc smelting. Even so, less than 10
percent of the gallium in bauxite and 5 percent of the
germanium in zinc can be recovered.*® These materials
must then go through a complex refining process to
produce gallium and germanium at the needed purity
levels of over 99.99 percent.?’

China has several advantages in gallium and germanium
sourcing. The country has rich zinc deposits and imports

75 percent of the world’s bauxite due to its leading
aluminum industry.*® This access to feedstock has also
positioned China well to lead in germanium and gallium
recovery. Aided by government subsidies, Chinese firms
were able to flood the market with mineral oversupply
in the 2010s.*° As prices dropped, Western competitors
could not remain economically viable, allowing China to
emerge as the world leader in semiconductor minerals.*

In contrast, the United States has small bauxite reserves
of 20 million tons (less than 1 percent of global totals) and
limited zinc reserves of 76.6 million tons (3 percent of
global totals).*! The country currently has limited mining
activity and produces only small amounts of germanium
from zinc deposits in Alaska and smelting operations in
Tennessee. Some new domestic projects may be in the
works: In 2023, Dutch company Nyrstar announced a $150
million investment to expand its existing zinc operations
in Tennessee to add a gallium and germanium processing
facility.* However, the project has yet to secure investor
funding, and the company has faced market challenges
that led it to temporarily suspend zinc mining operations
in October 2023.# In the near term, domestic investments
will evidently not be enough to secure gallium and
germanium supply chains.

U.S. allies and strategic partners will be key to sourcing
bauxite and zinc and producing gallium and germanium.
For example, although Australia is the top producer of
bauxite and home to the largest zinc reserves in the
world, it lacks midstream processing capacity, leading

it to send over 50 percent of its zinc exports and 97
percent of its bauxite exports to China.** And Peru, a U.S.
free trade partner with the largest zinc smelting plant

in Latin America, currently produces no germanium

or gallium.* Australia and Peru hold vast potential for
alternative gallium and germanium sourcing for the
semiconductor industry, but without investment by
Western firms into midstream processing and refining,
these resources will remain untapped.

THE CHIPS AND SCIENCE ACT
But What About the Critical Minerals?

In the spring of 2020, at the peak of the Covid-19
pandemic, the United States experienced firsthand
how debilitating semiconductor shortages can

be. An estimated 169 sectors and consumer
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lines were impacted by semiconductor supply
disruptions, including the electronic, automotive,
communications, and healthcare industries. As a
result, Western firms faced lower production volumes,
the cancellation of new product lines, and delayed
breakthroughs in technologies such as artificial
intelligence (AI) and the Internet of Things (IoT).%
Policymakers realized just how fragile current
semiconductor supply chains are, due to a highly
complex and specialized production process largely
concentrated in Asia.

In August 2022, President Joe Biden signed the
Creating Helpful Incentives to Produce Semiconductors
(CHIPS) and Science Act into law, with the goal of
strengthening U.S. semiconductor manufacturing and
supply chains. This act included over $280 billion in
support for advanced chip manufacturing, packaging,
and workforce development.*’ To address the supply
chain vulnerabilities experienced during the pandemic,
the bill focused on onshoring downstream capabilities,
including by developing fabrication facilities for

legacy chips used in communications and defense
applications.* The legislation also introduced significant
government grant funding, which has been awarded to
companies such as Intel and Micron to enable them to
build and expand their chip-manufacturing capacity.*
However, the CHIPS Act overlooked a major national
security vulnerability in semiconductor supply chains:
critical minerals. The bill did not include any provisions
to incentivize the diversification of critical minerals
supply chains for semiconductors.

EXPORT RESTRICTIONS
HIGHLIGHT SUPPLY CHAIN
VULNERABILITIES

The United States quickly realized just how big an
oversight the exclusion of critical minerals from the
CHIPS Act was. On August 1, 2023, Chinese export
restrictions on gallium and germanium went into

effect in retaliation for Washington banning exports of
advanced semiconductor technologies to China.*® Due
to the restrictions, gallium and germanium exporters in
China are now required to apply for an export license for
each shipment of material, providing the government
with details on the overseas buyer and end use.! Beijing

justified the escalation of the tech war by claiming that
such measures were necessary for national security.
Meanwhile, the Western semiconductor industry was
paying the price.

In August and September 2023, China exported no
refined gallium and only 1 kg of refined germanium,
compared to nearly 8,000 kg and 6,900 kg, respectively,
in the preceding July.*? In total, China’s gallium exports
for 2023 were over 50 percent lower than exports

for 2022; as of February 2024, gallium exports had

yet to return to pre-restriction levels, and it remains
unclear when China’s exports will return to their
previous peaks.> Continued restrictions and the
implementation of gallium and germanium export
bans in January 2025 will have a significant effect on
the U.S. economy. The U.S. Geological Survey (USGS)
has estimated that a disruption to just 30 percent of
gallium supply could cause a $602 billion drop in U.S.
economic output, equivalent to 2.1 percent of gross
domestic product.>*

Prices for these materials have risen markedly over

the past year. In April 2024, gallium prices were at
their highest level since 2011. Assessed prices for
gallium have nearly doubled since the restrictions were
imposed, and germanium prices have also climbed
over 70 percent, to $2,280 per kilogram.>> China has
demonstrated its ability to control the materials
market for semiconductors and has only tightened
U.S. access to these materials with newly implemented
exported bans. Continued and additional bottlenecks
in critical minerals supply present an ongoing threat to
the resilience of the U.S. semiconductor industry.

RECOMMENDATIONS

Creating Better Policy for Semiconductor
Mineral Supply Chains

The CHIPS and Science Act, as well as the current policy
focus on downstream chip manufacturing, will not be
enough to secure semiconductor supply chains. As long
as China controls critical minerals supply chains, the
U.S. semiconductor industry will be vulnerable to export
restrictions, bottlenecks, and price volatility.

One policy recommendation that is frequently cited
as a solution to shortages of base metals is to revamp
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government stockpiling efforts through the National
Defense Stockpile under the Strategic and Critical
Materials Stock Piling Act 0f 1939. The United States
currently stockpiles no gallium and only about 14,000

kg of germanium, or half of the country’s annual
consumption.*® However, stockpiling semiconductor
metals to address critical minerals supply chain
vulnerabilities will be challenging due to their price
volatility and the small quantities needed for the industry
(relative to the electric vehicle industry, for example,
which requires significant quantities of base metals).”’

In addition, gallium has a shelflife of only around one
year due to its low melting point.>® Stockpiling efforts are
therefore not the best solution to addressing supply chain
concerns.

that addresses upstream critical minerals

mining and midstream processing and refining.
Just as the CHIPS and Science Act focused on
incentives to boost domestic semiconductor
manufacturing and the Inflation Reduction Act
(IRA) incentivized investments in EV and clean
energy technologies, an upstream and midstream
critical minerals incentives package would ensure
that U.S. fabs manufacturing the next generation
of semiconductor technologies have reliable access
to the critical minerals they need. With billions of
dollars being invested in chips foundry facilities,
their success hinges on access to needed input
materials.®* Ensuring the security of the critical
minerals supply chain is common-sense policy that
supports the ambitious industrial goals of the CHIPS

Instead, the United States should consider the following and Science Act and IRA

actions:

This package should include investment and
production tax credits such as those covered in
Sections 48C and 45X of the IRA. Such incentives
programs would encourage companies to make
the necessary investments in critical minerals
recovery and refining facilities amid uncertain and

« Investin building the technological know-how
for gallium and germanium refining. Refining
these minerals to needed purity levels of over 99.99
percent for the semiconductor industry requires
specific technology, infrastructure, and expertise, all

of which are currently lacking. The United States has
only one company that refines high-purity gallium
and one operation for germanium.> A research and

development laboratory could boost innovation to

increase processing capacity and produce minerals

in a more cost-effective way.

The Department of Energy already funds
laboratories focused on critical minerals for
electric vehicles (EVs) and clean energy, but there
is less focus on semiconductor minerals such as
gallium and germanium. For example, the Critical
Minerals Innovation Hub at the Ames National
Laboratory in Iowa and the Minerals to Materials
Supply Chain Research Facility (METALLIC)
network bring together the expertise of several
leading national laboratories to find solutions to

critical minerals supply challenges for clean energy

industries.®® The Department of Commerce should

fund similar initiatives focused on minerals for the

semiconductor industry. National laboratories can
help develop the capabilities, technologies, and
skills needed to produce refined semiconductor
minerals at scale.

« Puttogether a comprehensive incentives package

volatile market conditions. Midstream projects like
Nyrstar’s gallium and germanium recovery plant are
struggling to secure financing in the face of steep
competition from Chinese firms that have a history
of pricing out Western competitors.®? Federal tax
credit programs signal to the private sector that the
government is supportive of the industry and offer
an additional cash incentive boost to projects that
may otherwise stall. These incentives should apply
to both domestic projects as well as ones in strategic
allied countries that have high potential for gallium
and germanium production, such as Australia and
Peru.

An incentives package should also include grant
funding similar to the large dollar amounts
currently being awarded by the CHIPS Program
Office within the Department of Commerce for
onshoring semiconductor fabs. The U.S. government
can incentivize mining companies to make
significant investments in gallium and germanium
recovery and refining facilities and infrastructure
by alleviating some of the capital burden. Just as
semiconductor manufacturing facilities require an
immense amount of capital, standing up domestic
gallium and germanium mining, processing,
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and refining infrastructure will require massive
investment. These projects are not only essential
to boosting supply chain security for the high-tech
industries downstream that depend on critical
minerals, but they will also create jobs, onshore
manufacturing capacity and niche skills, and help
revitalize mining communities that have been
economically left behind.

CONCLUSION

The success of the Western semiconductor industry
depends on reliable access to the critical minerals that
are responsible for continuous advancements in the
industry. The CHIPS and Science Act of 2022 sought to
build a domestic ecosystem for a thriving semiconductor
industry that is invulnerable to the supply chain risks of
the past. But this strategy was incomplete, as there has
been no U.S. policy to date addressing the mineral needs
of chips manufacturers. As China imposes mineral
export restrictions and squeezes supply, policymakers
can no longer afford to overlook mineral security. A
comprehensive incentives package is needed to build
research and development institutions and boost the
upstream and midstream capacity needed to onshore
and friend-shore gallium and germanium production.
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The defense industrial
base is at risk of critical
minerals shortages in
an emergency, with
industrial mobilization
doctrine and program
execution mired in a
peace dividend posture.

s the furthest upstream tier of defense supply

chains, critical minerals support virtually all

Department of Defense (DOD) activities and
platforms, whether through indirect consumption, such
as a rare earth catalyst for petroleum refining, or direct
consumption, such as aluminum and titanium parts in an
aircraft. In some cases, the critical minerals supporting
a defense system are indistinguishable from those used
in civilian products; in others, critical minerals are
converted into military-unique formulations that enable
aweapon system’s cutting-edge performance.

However, this critical minerals consumption pattern
is a constant for all military organizations throughout
human history—whether using bombs and bullets, shot
and pike, or sling and stone. Therefore, incorporation
into a weapon system is not, by itself, sufficient reason
for critical minerals to be deemed essential to national
defense. This type of usage certainly would not justify
the DOD’s deployment of over $1 billion since 2019
under the Defense Production Act (DPA) of 1950

and other authorities to expand domestic and allied
production of critical minerals.

With this contradiction in mind, this chapter aims to
describe the process by which the DOD determines
whether a critical mineral rises to the level of a national
defense requirement, as well as how the DOD and
industry are addressing such needs.

In its simplest form, the DOD’s assessment of the
“criticality” of a critical mineral is directly connected
to the National Defense Strategy and its policy

assumptions about the conflicts in which the DOD may
be called to fight. Though defense planners historically
focused on protracted conflict, the DOD has drifted
toward a more optimistic policy baseline: a single-year
conflict followed by a multiyear reconstitution period.

Even under this more optimistic baseline, the DOD
has identified significant supply deficits to defense
requirements during a national emergency scenario,
covering 69 materials and valued at $2.41 billion.®
In addition to the large-scale industry investments
previously noted, these findings have prompted

the DOD to embark on wide-ranging reforms to its
critical minerals stockpiling law, as well as to tighten
procurement restrictions to reduce reliance on
adversarial nations for critical minerals.

Though the DOD has made significant strides in
modernizing statutory authorities and deploying

an array of programs to address its critical minerals
needs, many of its planning processes related to
requirements generation and industrial mobilization
remain rooted in the immediate post-Cold War
period. Maintaining the positive progress to date,
while reviewing and updating those policies and
programs that have not kept pace, should be the
DOD’s next area of focus.

THE SPECTRUM OF MILITARY
ACTIVITIES REQUIREMENTS
GENERATION

The spectrum of activities undertaken by the U.S.
Armed Forces is vast. They conduct military-to-military
diplomacy, peacekeeping operations, and potential
combat operations, ranging from raids by special
operations forces to the deployment of a multinational
force for large-scale conventional war.

Amid this extreme variability, the DOD has developed
a structured process to collect critical minerals data
and evaluate which minerals are necessary for both
essential civilian and defense industries across a range
of scenarios. The DOD has made no public report of
its critical minerals needs since 2015, but the results
of its assessments are disseminated across the U.S.
government every two years.**
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At a high level, this process begins with the collection of
economic and technical data related to critical minerals
markets. This data is integrated by the Defense Logistics
Agency (DLA) Strategic Materials, the administrator

of the National Defense Stockpile (NDS), for analysis
through a series of economic models. These models
project the anticipated supply and demand of critical
minerals over a given period, after which supply and
demand are perturbed.

These perturbations are driven by policy judgments related
to the execution of a military conflict scenario used for
DOD budgetary and planning purposes—underpinned by
the National Defense Strategy. The elements described in
this scenario include the following:

+  the duration of the conflict

+  the military force deployed

«  combat losses

- military, industrial, and essential civilian demand
+  shipping losses

+  the availability of foreign supply

+  domestic industrial mobilization

+  civilian austerity measures®

Each of these elements is highly subjective, and
historically these parameters have been hotly debated
between defense planners concerned about a protracted
war and those who expect conventional wars involving
the U.S. Armed Forces to end quickly.*

In its Cold War iteration, advocates of a “short war”
planning construct argued that a potential conflict
between the United States and the Soviet Union would
be extraordinarily violent in its initial phases or might
rapidly escalate to the nuclear level. In its contemporary
iteration, advocates note the overwhelming
conventional advantage of the U.S. Armed Forces over
most threats—ably demonstrated in the First Gulf War—
suggesting conflicts involving U.S. conventional forces
are likely to be very short.

In either case, industrial preparedness and stockpiling
of any kind would be unnecessary, as the conflict may
end before these efforts could impact its outcome.

In contrast, the legacy “long war” proponents argue
that an asymmetry of conventional military power
is an unreliable indicator of conflict duration—ably

demonstrated by multi-decade counterinsurgency
campaigns—and that an industrial base specialized
toward a small, highly sophisticated fighting force will
struggle to grow in a protracted conflict.

In the “long war” argument, important factors such as
where and how U.S. Armed Forces may fight remain
highly uncertain. Ultimately, this uncertainty drives
hedging behavior, using stockpiles to mitigate demand
for conflict surge items or minerals until new wartime
production can come online.

From the initial promulgation of the Strategic and
Critical Materials Stock Piling Act, the combination
of World War II and Korean War experiences led U.S.
government planners to favor a “long war” planning
construct. A five-year war scenario drove the creation
of large NDS inventories and broad industrial
mobilization activities under the DPA. As the Cold War
progressed, subsequent administrations embraced
more optimistic war-planning and economic policy
judgments, each driving the U.S. government toward
smaller critical minerals stockpiles and industrial
preparedness efforts.®’

The “short war” planning construct adopted at the end
of the Cold War remains the DOD’s baseline for critical
minerals requirements generation today—a one-

year conflict, followed by three years to reconstitute
the U.S. Armed Forces.® Based on these results, the
DOD has implemented an array of critical minerals
mitigation programs, principally focused on aerospace,
operational energy, and armor needs (see Table 1).%°

Notwithstanding the breadth of critical minerals
mitigation programs underway, the unclassified
summary of the “base case” results from the Strategic
and Critical Materials 2023 Report on Stockpile
Requirements identifies ongoing critical minerals
requirements in a national emergency. This recent DOD
study identified shortfalls to defense requirements for
69 materials, valued at $2.41 billion, and shortfalls to
essential civilian demand for 24 materials, valued at
approximately $12.21 billion.”

More simply, these results suggest that substantial
portions of the DOD’s “short war” critical minerals needs
remain unaddressed.
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Table 1: Critical Minerals Mitigation Programs

Mineral Sample Use Case

Aluminum
Antimony
Beryllium
Boron
Cobalt
Germanium
Graphite
Lithium
Magnesium
Manganese
Nickel
Niobium
Steel

Tin
Titanium
Tungsten

Rare earth elements

Aerospace alloys (lightweighting), armor
Ammunition, fire retardants

Aerospace alloys (lightweighting, non-sparking)
Armor

Batteries, aerospace alloys (engines)
Space-based solar cells

Batteries

Batteries

Aerospace alloys (lightweight)

Batteries

Batteries

Aerospace alloys (engines), shipbuilding steel
Armor

Electronics

Aerospace alloys (structural and engines)
Ammunition, cutting implements

Control and actuation systems, ceramic materials

Source: Author’s analysis of awards under Catalog of Federal Domestic Assistance (CFDA) 12.777 Defense Production Act Title Ill, retrieved from

USASpending.gov.

GOVERNMENT AND INDUSTRY
MITIGATION TOOLS

Given the massive gap between current industrial base
capabilities and postulated DOD requirements, the
DOD pulls multiple levers to address day-to-day and
future planning for critical minerals supply chain risk
mitigation. Many of these levers are described in Joint
Publication 4-05: Joint Mobilization Planning (JP 4-05),
and in its most recent iteration, the principal industrial
mobilization tools listed by the DOD include the
following lines of effort:

+ actively employ DPA Title I to prioritize DOD
contracts or allocate scarce materials to defense
contracts

+ expand military production and supporting sectors
(e.g., workforce development)

+  draw upon Canadian industrial capacity to
supplement U.S. production

+  obtain other allied weapons production support

+  obtain waivers or exemptions from U.S.
environmental laws to facilitate the above™

However, just as planning assumptions for NDS functions

have remained on autopilot since the end of the Cold
War, the industrial base mitigation tool kit—and the DOD
doctrine governing it—has remained largely unchanged.
More specifically, JP 4-05 is almost word-for-word
identical from 1995 to the present, and shortcomings in
doctrine and practice have yet to be addressed.

Contracting

DPA Title I requires a U.S. company, and any of its
suppliers, to prioritize fulfilling a DOD order over any
commercial one. The DOD estimates that it issues
approximately 300,000 DPA Title I-rated contracts
annually.”> The DOD can also request that DPA Title I
ratings be applied to foreign sources, contingent upon
local laws and the execution of a “Security of Supply
Agreement” with the host government.” Theoretically,
the flowdown of DPA Title I ratings throughout the
supply chain should provide the DOD with both
traceability and the first “call” on any critical minerals
necessary for defense procurement.

Despite the “paper” strength of DPA Title I, this
authority has significant limitations in practice, all of
which would hamper the DOD’s ability to direct critical
minerals supplies to national needs in an emergency.
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For example, DPA Title I ratings only apply to U.S.
companies and, by request, select U.S. allies. Any nation
outside this circle—an adversary or otherwise—is under
no obligation to support the DOD’s needs.

As indicated by the volume of DPA Title I ratings,
contracting and the incorporation of critical minerals
sourcing requirements into such contracts is the most
common tool for managing supply chain risk. Two of the
most well-known critical minerals sourcing regulations
are (1) the “specialty metals clause,” the colloquialism for
a 1973 rule requiring the purchase of aerospace alloys and
steel from U.S. or allied sources, and (2) the “sensitive
materials rule,” a 2019 rule that prohibits the purchase of
refractory metals and rare earth permanent magnets from
China, Russia, North Korea, and Iran.”

Historically, defense contractors have been at odds with
the metals and mining sector over these procurement
rules. Broadly, the domestic metals and mining sector
tends to favor rules that may drive defense spending
toward their facilities, which may be more costly than
foreign ones. Defense contractors, on the other hand,
tend to oppose rules that may complicate subcontract
management and compliance costs. Particularly when a
subcontractor principally serves the commercial market,
DOD-unique critical minerals sourcing rules may deter
participation in defense contracts.

Whenever Congress has required the DOD to implement
anew critical minerals sourcing rule, the timeline for
implementation has been lengthy and subject to intense
advocacy campaigns. For example, reaching a final

rule on the “specialty metals clause” was the subject of
ongoing regulatory and legislative advocacy for almost a
decade.” A similar battle is currently underway over the
“sensitive materials rule.””°

These two rules—the “specialty metals clause” and

the “sensitive materials rule”—also highlight the well-
intentioned but often inefficient promulgation of new
critical minerals sourcing mandates. For example,
samarium-cobalt permanent magnets are covered under
both the “specialty metals clause” and the “sensitive
materials rule,” but since the DOD’s implementation

of the newer “sensitive materials rule” is executed

on a contract-by-contract basis, ensuring contract
compliance is highly complex and costly. Similarly,
recycling is an important source of domestic production
of critical minerals, but under the “sensitive materials

rule,” only one of the four covered critical minerals may
utilize domestic recycled feedstock.””

Stockpiling

Surprisingly, stockpiling is hardly mentioned in JP

4-05. The limited references include one-off statements
that (1) DPA Title I can compel delivery to stockpile
contracts; (2) stockpiles should exist; (3) stockpiles
should be released once mobilization begins; and (4)
stockpiles should be rebuilt once the mobilization
period ends. No other analysis or discussion of stockpile
planning or management appears.

Though this brevity is refreshing, it also highlights

a significant gap between DOD doctrine and NDS
planning. As previously noted, NDS planning is

driven by a short-war requirement, plus a long-

term reconstitution phase. However, DOD doctrine
calls for rapid in-crisis stockpile releases, with an
indeterminate reconstitution phase. Put another

way, the NDS stockpile sizing construct focuses on
replacement once the fight is over, while Joint Staff
doctrine wants to buy time during the emergency until
other industrial base expansion programs come online.

Although the requirements generation process for
stockpiling and overall doctrine have remained static,
the underlying Stockpiling Act has not. The DOD
requested significant reforms to this law for the FY
2023 National Defense Authorization Act (NDAA), and
Congress has proceeded to implement these changes
across the FY 2023 and FY 2024 NDAAs. Among other
elements, this reform aims to infuse private sector best
practices into stockpile management while removing
statutory barriers to more efficient government
operations by:

+  consolidating multiple DOD critical minerals policy
oversight boards into a new “Strategic and Critical
Materials Board of Directors”

+ authorizing multiyear procurements and general
acquisition of shortfall materials

+ authorizing off-take agreements from DPA Title III
industrial base investment projects

+  supporting feasibility studies for new critical
minerals projects

+ expanding the scope of potential NDS research
project applicants to include U.S. allies”
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Prior to these changes, the Stockpiling Act had remained
largely untouched since 1979, and the DOD is only
beginning to implement many of these reforms.” On the
other hand, though the NDS is authorized to carry out
these new functions, new funding has slowed to a trickle.
After a significant one-time appropriation of $125.0
million in FY 2022 and $93.5 million in FY 2023, FY 2024
funding collapsed to only $7.6 million. These funding
increments are wholly insufficient to meet the shortfall
requirements for defense ($2.41 billion) and essential
civilian needs ($12.21 billion) in a national emergency.*

Industrial Base Investment Programs

Pivoting to industrial base investment, the DOD offers

an array of programs to foster the development of new
critical minerals production technologies, sources of
supply, and end use items for the military services.
Among these are Small Business Innovation Research
(SBIR) programs, basic research and qualification projects
funded by the NDS, pilot or prototype demonstration

projects funded by the Industrial Base Fund (i.e., the
Innovation Capability and Modernization (ICAM)
program), feasibility or commercial scaling projects
funded by the Defense Production Act Fund, and various
military service-specific organic industrial base funds.®!

Historically, industry has expressed its frustration
with the DOD’s inability to bridge the “Valley of Death,”
where the DOD supports early-stage development

of an innovative technology or product but cannot
transition it to procurement by a program of record.
This frustration has also been directed toward the
aforementioned industrial base investment programs.
However, the DOD has several recent case studies

in the critical minerals sector that provide reason

for optimism, with multiple companies successfully
transitioning from early-stage research to commercial-
scale production with or through the DOD (see Table 2).

In alignment with JP 4-05, the DOD also has awarded
defense industrial base investment funds to Canadian
companies, who have been considered a “domestic

Table 2: Critical Minerals Transition Programs

Company

Rare Earth Salts Separations & Refining LLC

MP Materials Corp.

Lynas USA, LLC

Noveon Magnetics Inc.

Graphite One (Alaska) Inc.

Perpetua Resources Idaho Inc.

Talon Nickel (USA) LLC

Development Program

DLA: ($8.4 million) Rapid Innovation
Fund demonstration

DLA: ($0.2 million) basic R&D study

ICAM: ($0.6 million) heavy rare earth
demonstration

ICAM: ($0.6 million) heavy rare earth
demonstration

DLA/SBIR: ($1.0 million) magnet
recycling and production demonstration

DLA/SBIR: ($1.6 million) qualifying
magnets for Excalibur, Peregrine, JDAM,
and Small Diameter Bomb

DPA Title IlI: ($37.3 million) feasibility
study

DPA Title IlI: (§59.2 million) feasibility
study

Army/DLA: ($15.7 million) qualification
study

DPA Title II: ($20.6 million) nickel
resource development

Scaling Program

DPA Title I1: ($4.2 million) terbium
recycling program

ICAM: ($35.0 million) heavy rare earth
scaling

ICAM: ($258.2 million) heavy rare earth
scaling

DPA Title IlI: ($0.8 million) magnet
inventory demonstration

DPA Title IlI: ($28.8 million) magnet
production

Department of Energy, Loan Program
Office: (5201 million) direct loan
application

Export-Import Bank: ($1.8 billion)
direct loan letter of interest

Department of Energy, Manufacturing
and Energy Supply Chains: ($114.8
million) nickel processing

Source: Author’s analysis of awards posted at FPDS-NG and USASpending.gov and press releases by the DOD and company awardees.
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source” since 1992.%2 Additionally, Congress amended
the DPA to expand the scope of eligible foreign allies
to include the United Kingdom and Australia.®
Though a handful of Canadian firms have received
DPA Title III awards, the legislative change for the
United Kingdom and Australia is sufficiently recent
that no such companies have received a DPA Title III
award to date.®

Notwithstanding this apparent success in supporting
critical minerals development through the Trump
and Biden administrations, 70 percent of DOD
funding for critical minerals projects—$778 million
of $1.1 billion—has been derived from supplemental
appropriations.® In other words, Congress is the
principal driver behind the DOD’s investments

in critical minerals, not the DOD’s bottom-up
requirements generation and budgetary process.

To that end, recent DOD budget requests suggest
that critical minerals investment funding will fall to
approximately $30 million per year.®® Based on recent
DPA Title III awards for critical minerals, this level of
funding is sufficient to execute perhaps one or two
“feasibility study” projects per year.

Waivers or Expediency Under Other
Domestic Laws

With respect to other authorities to waive domestic
laws or otherwise expedite critical minerals projects,
the DOD does not appear to have pursued or received
authorization under extant pathways for regulatory
reliefin U.S. environmental laws. These include, for
example, national security or paramount interest
pathways under the Endangered Species Act and the
Clean Air Act.’” However, additional information on
DOD recommendations regarding U.S. environmental
laws may be forthcoming through the FY 2025 NDAA.
Namely, the U.S. House of Representatives included
arequirement for the DOD to report on the impact of
the National Environmental Policy Act on the largest
defense industrial base projects.

Environmental regulation aside, the DOD also does
not appear to have actively pursued or promoted other
nonregulatory pathways to streamline permitting
activities for its projects—critical minerals or
otherwise. Of note, only two DOD industrial base
investment projects are included on the FAST-41
Covered Projects Dashboard: Perpetua Resources’

antimony project in Idaho and South32’s zinc-
manganese project in Arizona.® Given the limited
dataset, it is not possible to determine whether
inclusion on the FAST-41 dashboard provides a
meaningful benefit to project development or whether
other factors—such as a U.S. government award from
the DOD or another agency—are more decisive.

RECOMMENDATIONS

First, the Joint Staffand DOD critical minerals
programs need to update their war planning
assumptions. Senior DOD leadership, civilian and
military, has clearly stated that the DOD must begin to
prepare for a protracted conflict, but this view has not
been reflected in the warfighting scenarios that the NDS
uses for requirements generation.’® Without needed
updates to war planning, DOD base budget requests
will continue to grossly underestimate critical minerals
needs. Therefore, the Joint Staff should develop a war-
planning scenario suitable for NDS planning to reflect
DOD policy and generate more realistic estimates of
defense requirements for critical minerals.

Second, the Joint Staffand DOD industrial investment
and stockpiling programs should realign doctrine and
program execution. The industrial base management
sections of the mobilization doctrine generated by

the Joint Chiefs of Staff, JP 4-05, have not changed
since 1995. The document does not reflect lessons
learned from (a) industrial base expansion efforts

to respond to the Covid-19 pandemic or provide
military assistance to Ukraine, (b) related medical or
war reserve inventory distribution challenges, or (c)
the management of DPA Title I allocations of scarce
materials to the domestic market.®® Moreover, the
objectives established in the current doctrine (i.e.,
provide in-crisis response) are not matched by the
NDS requirements generation process (i.e., provide

for reconstitution of forces). Therefore, the Joint Staff
and civilian components of the DOD responsible

for industrial mobilization should update JP 4-05 or
develop new doctrine to reflect how the department is
likely to respond to a mobilization event.

Third, the DOD should stabilize funding for critical
minerals in the base budget. The DOD has made
significant progress in supporting the upstream supply
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chain across numerous minerals. Though these efforts
only began in earnest in 2019, DOD prime contractors
and major subcontractors are already integrating new
domestic sources into DOD programs of record.*?
However, most of this success is being carried by
one-off supplemental appropriations acts, which do
not provide predictability to industry or the DOD for
investment planning. Therefore, the congressional
defense committees should continue to provide discrete
program increases or “functional transfers” for critical
minerals projects within industrial mobilization
programs, such as the Defense Production Act Fund,
the Industrial Base Fund, and the National Defense
Stockpile Transaction Fund.

Fourth, the DOD should streamline critical minerals
sourcing rules. Given rising concerns related to the United
States’ reliance on adversarial sources, Congress continues
to legislate mandates for the DOD to restrict sources of
supply for critical minerals and end-use items containing
critical minerals. In some cases, the same mineral is
covered under multiple sourcing rules simultaneously,
with nonsensical exception structures.” This constantly
shifting regulatory regime places a significant cost

burden on all tiers of the defense industrial base, with

the compliance burden especially acute at the prime
contract level, given that noncompliance occurs many tiers
removed from the prime contractor.

Therefore, the DOD’s Office of Defense Pricing,
Contracting, and Acquisition Policy should undertake
an acquisition reform study focused on critical
minerals sourcing. At a minimum, this study should
identify the extant Defense Federal Acquisition
Regulation Supplement rules and their underlying
legislation for critical minerals products, describe these
rules’ use and exception structures, and then develop
a streamlining legislative proposal for Congress. As
appropriate, this proposal also should include requests
for funding to support the development of military
specifications, standards, or other industry-led
initiatives to validate sub-tier supplier compliance.

CONCLUSION

As explored in this chapter, the central question
regarding the “criticality” of a critical mineral to national
defense is whether the DOD finds a classified shortfall

in defense or essential civilian industry needs in a
postulated wartime scenario. However simple that
question may be, the answer is highly susceptible to
subjective policy judgments, which flow directly from
the DOD’s National Defense Strategy.

Over the past seven decades, U.S. defense policy has
trended toward a more optimistic appraisal of the
availability of foreign sources and the severity of a
conflict involving the U.S. Armed Forces. This pendulum
is now swinging in the opposite direction, with a greater
focus on protracted conflict.

DOD planning and posture are beginning to change

for the better, particularly for rare earth elements and
battery minerals. However, the preponderance of the
DOD’s efforts is funded by out-of-cycle supplemental
appropriations acts. Critical minerals have not yet
become a mainstay of the department’s base budget,

nor has DOD doctrine and program execution materially
evolved from its immediate post-Cold War posture.

On balance, the DOD and defense industry have notched
major accomplishments to secure their supply chain for
critical minerals. Fully addressing this challenge, though,
is a marathon, not a sprint, and the work of the DOD,
Congress, and industry in this realm has only just begun.
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The single biggest
determinant for key
minerals such as lithium,
graphite, cobalt, nickel, and
manganese is consumer
demand for EVs themselves.

he development of the electric vehicle (EV)

industry has been the single biggest driver of

critical minerals demand growth—a trend that
is expected to continue for years to come. This demand
growth has been fueled by government incentives at both
the national and subnational levels globally. However,
given the inherently international nature of the EV
supply chain, U.S. EV manufacturers are concerned about
disruptions stemming from rising geopolitical tensions.
The EV industry—which has mobilized significant
investment and created nearly 100,000 jobs in recent
years—will require uninterrupted access to the materials
needed to produce batteries and motors.

As the Trump administration takes office, the future
of the EV industry is clouded by uncertainty, with
serious questions regarding the outlook for existing
consumer and production incentives. The proximity of
Tesla CEO Elon Musk to U.S. president Donald Trump
may influence this decision, but more important will
be the rationale for continued support in the context
of economic security, strategic competition with
China, and U.S. jobs. It is clear that U.S. automakers
are already committed to the transition to EVs and
hybrid vehicles, having invested billions of dollars over
the past four years in building gigafactories across the
United States and the rest of North America.

Uncertainty for the sector also stems from shifts in
consumer preferences and interest rates, technological
advancements in battery chemistries, and a slower-
than-expected expansion of the charging network.

Moreover, the uncertainty currently affecting the EV
industry in the United States has a knock-on effect

on the global market for critical minerals, particularly
regarding U.S. and allied countries’ investments in the
critical minerals supply chain.

This chapter will examine the drivers of growing demand
for EVs, the knock-on effects on demand for critical
minerals, and the challenges facing the supply chain. It
will also highlight the importance of innovation in the
EV battery sector to reduce the industry’s vulnerability
to interruptions and shortcomings in the critical
minerals supply chain. A combined approach of reducing
demand for critical minerals through innovation,
boosting domestic supply of those minerals, and
working closely with allies to secure U.S. supply chains
will provide certainty and stability for the market,
protecting U.S. investments, jobs, and competitiveness.

THE IMPORTANCE OF THE
AUTOMOTIVE MARKET IN THE
UNITED STATES AND NORTH
AMERICA

The auto industry is a cornerstone of North American
trade, accounting for 22 percent of total trade

under the United States-Mexico-Canada Agreement
(USMCA).** It supports a staggering 42.2 million jobs
across the region, both directly and indirectly.”® In
the United States, the industry directly employs 9.7
million people and supports an additional 11 million
indirect jobs, highlighting its critical role in the
nation’s economy.®® In Mexico, the sector provides

1 million direct jobs and contributes to 20 million
indirect positions, underscoring its importance

in driving economic development.®” Canada,

while smaller in scale, still benefits significantly,
with 500,000 jobs tied to the industry.®® This
interconnected workforce demonstrates the auto
sector’s immense economic impact and its role as a
vital driver of prosperity across North America.

In 2023, North America produced approximately 3.6
million EVs, and the industry created over 200,000
direct EV-related jobs across manufacturing, battery
production, and infrastructure development.®® It is
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important to note that much of this production relies
on cross-border, tariff-free trade under the USMCA.

Growing Demand

The single biggest determinant of demand for key
minerals such as lithium, graphite, cobalt, nickel, and
manganese is consumer demand for EVs themselves.
This demand has grown substantially in recent years,
with EV sales reaching nearly 14 million cars globally
in 2023.1% The International Energy Agency (IEA)
estimates that global demand for critical minerals
driven by EV production was under 2 million metric
tons in 2020 but is projected to exceed 30 million
metric tons by 2030, representing approximately 75
percent of the minerals required for clean technology
(cleantech). By 2050, EV demand alone is expected to
account for over 130 million metric tons, or roughly
90 percent of the total mineral demand for cleantech.
However, this growth is mostly concentrated in the
United States, Europe, and China—countries where
the use of personal vehicles is more common—though
EV sales in Southeast Asia and Brazil are picking up
speed, largely due to government subsidies and the
availability of low-priced Chinese EVs.'%

In the United States, major decisions by auto
companies to produce more EVs, or even shift to 100
percent EV production, have begun to fundamentally
alter the market. General Motors’ 2021 announcement
of plans to transition to 100 percent EV production by
2035 marked a watershed moment for the domestic
industry.’ President Joe Biden’s goal of having

50 percent of auto sales be electric by 2030 was
another signal to the market that demand will grow
significantly.®®> However, the major factor driving

the EV market in recent years has been the Inflation
Reduction Act (IRA).

The IRA, which is discussed in detail in Chapter 6,
provided important tax credits for new EV sales.
Section 30D of the IRA includes a $7,500 tax credit
specifically for light-duty EVs for individuals earning
less than $150,000 or families earning less than
$300,000.%°* Half of the tax credit is allocated for
batteries manufactured with materials mined in the
United States or countries with which the United
States has a free trade agreement. Notably, materials
recycled within North America are also eligible. The
percentage of the value of critical minerals mined or

processed in these countries will increase from 40
percent in 2023 to 80 percent by 2027.1%

Starting in 2025, batteries utilizing critical minerals
mined or processed by foreign entities of concern
(primarily referring to Chinese-owned firms) will
not be eligible for the tax credit. The other portion
of the EV credit applies to vehicles with batteries
manufactured or assembled in North America, with
the percentage of components manufactured in the
region set to increase over time—from 50 percent

in 2023 to 100 percent by 2029.1% The inclusion of
this requirement in the IRA underscores the region’s
importance in the auto industry and emphasizes the
critical role of regional integration in strengthening
the industry.

Recent Trends

Since the passage of the IRA, the United States has seen
considerable growth in EV sales, reaching 7.9 percent of
total sales in 2023.%7 Driven largely by these incentives,
sales of EVs have risen significantly in recent years in
the United States. Despite a slow year in 2023, sales

of EVs in the United States have rebounded rapidly in
2024. In the third quarter of 2024, EV sales increased
by 11 percent year-on-year, while EVs as a share of all
automotive sales in Q3 reached 8.9 percent.'®® The EV
industry will soon account for a tenth of all auto sales in
the United States.

However, progress has been far from linear. According
to the U.S. Energy Information Administration, sales

of hybrid, plug-in hybrid, and battery electric vehicles
(BEVs) grew to over 16 percent of total new light-duty
vehicle sales in the United States in 2023.1 In the first
part of 2024, however, EV sales declined, with nearly a 1
percent decrease in hybrids, plug-in hybrids, and BEVs
sold in the first quarter of 2024 compared to the fourth
quarter of the previous year.'*° This decrease in demand
for EVs in 2023 and 2024 has pushed automakers to
rethink their strategies, particularly as hybrid vehicles
gain more traction.

Despite the fact that sales of EVs have risen
significantly in the United States, these figures are
disappointing compared to global numbers. In China,
BEVs are projected to account for 50 percent of all
light vehicle sales by the end of 2024—an impressive
total with far-reaching implications for the global
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Figure 1: Quarterly U.S. Light-Duty Vehicle (LDV) Sales by Powertrain, January 2014-June

2024
eia’
100%

90% all other LDV = 81% Breakout of EV and hybrid sales
80% (non-hybrid) percentage

0 .

hybrid

60% 8% electric|
50% 6%
40% 4%

o plug-in
30% hybrid, electric, 2% hybrid
20% and plug-in hybrid 19% 0% == : :

0% N / 2014 2019 2024
0% I T T T T T T T T T T
2014 2016 2018 2020 2022 2024

Data source: Wards Intelligence

Note: EV=electric vehicles, which include both battery electric and plug-in hybrid electric vehicles
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oil and critical minerals markets. According to the
Alliance for Automotive Innovation, Chinese EV
manufacturing is comparable to the entire output of
the U.S. auto industry.'?

The story of EV sales in Europe is less straightforward.
After rapid growth in 2021 and 2022, 2023 saw a
slowdown in global EV sales due to rising inflation and
the end of government subsidies, particularly in Europe.
This was most notable in Germany, where sales dropped
by 37 percent in July 2024 following the government’s
termination of EV subsidies.’? Registrations for hybrid
vehicles in Europe reached 24 percent in July 2024,
while EV registrations were just 13.6 percent—nearly a
full percentage point lower than during the same time
period the previous year.'3 The slowdown in Europe
continued throughout the first half of 2024, but EV sales
saw an increase in the third quarter.

What these statistics show is that linear development
of the EV industry is not guaranteed. Although numbers
continue to rise, much work remains to drive consumer
demand and ensure the industry’s sustainability in the
United States. While long-term growth is expected, it is

important for investors and policymakers to understand
that progress will involve leaps forward and some steps
back before a more widespread shift to EVs occurs.

THE EV SUPPLY CHAIN

The first phase of the EV battery supply chain, often
referred to as the upstream portion of the supply chain,
is raw mineral extraction. This phase is arguably one of
the most important, as it forms the fundamental basis
of the EV battery. The list of critical minerals essential
for EV battery manufacturing is extensive and includes
manganese, graphite (and graphene), lithium, nickel,
and cobalt, among others.

The midstream phase of the EV battery supply chain
entails the processing and refining of raw materials.
This typically requires high-heat or chemical-based
treatments to transform the raw materials into what
will eventually be cathode and anode active battery
materials. Rare earth metals—a group of 17 elements—
are used in various clean energy technologies for their


https://www.eia.gov/todayinenergy/detail.php?id=62924

DRIVING INNOVATION / DUNCAN WOOD AND ALEXANDRA HELFGOTT

“permanent magnetic properties.”*** In the specific case
of EVs, they are primarily used in magnets for EV motors
and as catalysts for battery fuel cells. Critical minerals
processing tends to be regionally concentrated, and it

is more common than not for extraction and refining to
occur at separate facilities.

The third stage in the EV battery supply chain, the
downstream phase, involves assembling battery cells
into modules, which include battery management
systems, electronics, and sensors. These modules are
then packaged and sold to automakers, although some
manufacturers produce and install their own battery
packs.

The final process in the EV battery supply chain is
reuse and recycling. Reuse entails “disassembly of

the pack, testing module/cells, and repackaging.”*®
Pyrometallurgy, hydrometallurgy, and direct recycling
are currently the three most viable options for lithium-
ion battery recycling, though new technological
advances are emerging. Both reuse and recycling are
logistically challenging—not only from an economic
and regulatory standpoint but also in terms of the basic
logistics of transporting the batteries. Moreover, the
manufacturer-specific nature of the batteries adds to
the cost of recycling.

EVDEMAND AND THE CRITICAL
MINERALS SUPPLY CHAIN

It is abundantly clear that the shift from traditional
internal combustion engine (ICE) vehicles to EVs will
require significantly increased quantities of critical
minerals for EV production. Whereas a traditional ICE
vehicle uses an estimated 34 kg of critical minerals,
an EV uses approximately 200 kg, primarily for the
electric motor and battery.''®* However, this is likely
to change over time as battery size, battery chemistry,
modularity, and consumer preferences continue

to change. While larger battery sizes may increase
mineral demand, shifts in battery chemistry will
impact the mix and proportions of metals required in
those batteries.

The IEA makes the important point that the percentage
of electric sport utility vehicles (SUVs) being sold has a
significant impact on the critical minerals supply chain:

Larger electric car models have a significant
impact on battery supply chains and critical
mineral demand. In 2023, the sales-weighted
average battery electric SUV in Europe had

a battery almost twice as large as the one

in the average small electric car, with a
proportionate impact on critical mineral
needs. ... [I]f all electric SUVs sold in 2023
had instead been medium-sized cars, around
60 GWh of battery equivalent could have
been avoided globally, with limited impact
on range. Accounting for the different
chemistries used in China, Europe, and the
United States, this would be equivalent to
almost 6,000 tonnes of lithium, 30,000 tonnes
of nickel, almost 7,000 tonnes of cobalt, and
over 8,000 tonnes of manganese.'"’

According to the IEA, copper, cobalt, nickel, lithium,
rare earth elements, and aluminum are the minerals

in highest demand."® Demand for these critical
minerals is projected to grow fourfold under the

[EA’s Sustainable Development Scenario by 2040.1*°
However, this projection is subject to three key
external factors: evolving technology, the development
and implementation of governments’ clean energy
policies, and the demand for EVs.'?° All three factors are
currently experiencing a high degree of uncertainty.

The two-way connection between the EV market and
critical minerals prices is exemplified by the recent
collapse in lithium prices, which has impacted the
competitiveness of EVs in automotive markets. After
peaking at over $79,637 per ton in December 2022 —
driven by soaring demand for EVs—lithium prices fell
to less than $11,000 per ton by September 2024.2! This
decline was caused by several factors, including high
interest rates, a weak Chinese economy, and market
manipulation. Additionally, new resources coming into
production globally and lower-than-expected EV sales
following the initial surge in the United States, China,
and Europe were significant contributors. Stagnating EV
sales in 2023 had a profound and rapid impact on the
lithium market. For instance, earlier in 2024, Ganfeng
Lithium Group reported a net loss of $107 million and
announced plans to limit capacity expansions as a “glut
of supply overwhelmed slower-than-expected demand
growth from electric-vehicle makers, driving spot
carbonate prices to a three-year low.”*?2
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Some experts predict that the current oversupply of
lithium will last until 2027.% In the interim, there

is hope that new extraction—and, more importantly,
processing—projects will come into operation around
the world, particularly in the United States and U.S.-
friendly countries.

The difficulty in estimating demand projections is further
exacerbated by governments’ evolving approaches to
clean energy policy development and implementation.
For example, changes in administrations in the United
States and a potential move away from the incentives
outlined in the IRA will play a significant role in
determining short-term demand.

Other factors influencing future EV demand include
local- and state-level incentives and regulations. Just
as the IRA’s clean vehicle tax credits boosted demand
for EVs after 2022, California’s rapid shift toward an
EV-friendly regulatory framework and higher gasoline
prices had a similar effect. While California has the
best-known incentives, many other states have
followed suit."*

Consumer financing innovations also have the

potential to incentivize higher EV sales and end-of-life
recycling. In the United States, the IRA succeeded in
driving new financing from auto firms such as Hyundai,
whose vehicles were not eligible for IRA tax credits.

In response, Hyundai implemented its own financing
mechanisms to match the value of these credits. At the
industry level, there is room for even greater innovation.
For example, a recent paper on the cobalt supply chain
proposed a “lease-to-recycle” model for batteries to drive
EV adoption and enhance the potential for recycling
battery metals.'?

Private sector funding for EVs and battery facilities has
significantly shaped the industry’s development in the
United States. Between 2018 and 2024, the private sector
has announced investments of $90 billion in battery
facilities and $33 billion in EV facilities.’? Notably, states
with Republican governors have been more successful
in securing this funding, with the southern region of
the United States receiving over $68 billion in regional
investments. In comparison, the Northeast received

just $300 million, while the West Coast garnered $13.3
billion—well below the South’s total.’”

One additional factor influencing the demand
for critical minerals for EVs is the buildout of the

charging network. Persistent consumer concerns
about locating charging stations, charging speeds, and
the maintenance and distribution of these stations
are often grouped under the term “range anxiety.”
However, as EV ranges improve with advances in
battery technologies, it may be more accurate to
discuss charging convenience. Potential EV buyers in
urban areas face unique challenges regarding access
to charging infrastructure. For example, availability
in their neighborhoods—or, more specifically, in
apartment buildings—may be limited. Drivers who lack
garages and rely on street parking face even greater
concerns about convenience.

The Biden administration’s National Electric Vehicle
Infrastructure program allocated $7.5 billion to the
construction of 30,000 charging ports across the
United States, with a particular focus on Alternative
Fuel Corridors. These funds are intended to be
distributed through state governments. However, as
of November 12, 2024, only 102 charging ports at 25
charging stations in nine states had been opened.’?
Several factors have contributed to this slow rollout,
but a significant portion of the total funding—around
$4 billion—has already been committed to the states.
Consequently, the buildout will accelerate over

the next few years, as these funds cannot easily be
rescinded by the federal government.

THE ROLE OF TECHNOLOGICAL
INNOVATION

Innovation in battery chemistry and design is likely
to play a crucial role in shaping the demand for
critical minerals in the EV industry. While the internal
combustion engine evolved slowly over the past 150
years, the EV industry is seeing rapid, profound, and
unparalleled advances in battery chemistry, design,
and efficiency.

Mineral demand for EV batteries depends on the
cathode and anode chemistries of the batteries but is
ultimately influenced by evolving technologies that
have the potential to alter the mineral composition of
EV batteries. For example, an NMC (nickel manganese
cobalt oxide) battery uses half as much nickel as an NCA
(nickel cobalt aluminum oxide) battery but requires
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eight times more cobalt. LFP (lithium iron phosphate)
batteries, by contrast, require 50 percent more copper
than NMC batteries but do not use nickel, cobalt, or
manganese.'? NMC batteries typically last around
2,000 cycles—a battery cycle is the process of a battery
being fully charged and then discharged—though their
capacity declines significantly after 1,000 cycles. By
comparison, LFP batteries are more durable, retaining 80
percent of their capacity after 3,000 cycles. This longer
lifespan and more consistent performance over time
help to explain the rise of LFP batteries in China, where
they now dominate the market, accounting for over 60
percent of current vehicle sales.’®® A similar trend is
emerging in the United States and Europe.

A reduced emphasis on nickel and cobalt not only
decreases U.S. exposure to Chinese-controlled
extraction and processing. It could also transform

the debate over deep sea mining, removing a key
justification for the extraction of polymetallic nodules
rich in cobalt and nickel from the seafloor.

Existing and emerging battery chemistries and
technologies that will play a major role in the near
future include the following:

Existing Technologies

a. Lithium-Ion Batteries (Li-ion): The current industry
standard, Li-ion batteries, offers a balance of
energy density, lifespan, and cost. These batteries
encompass multiple chemistries, including lithium
nickel manganese cobalt oxides (NMC) and lithium
nickel cobalt aluminum oxides (NCA). While Li-ion
batteries continue to power most EVs on the road
today, they are rapidly losing ground to LFP batteries.
The continued use of Li-ion batteries sustains high
demand for lithium, nickel, and cobalt.

b. Lithium Iron Phosphate (LFP) Batteries: Safer and
cheaper than traditional Li-ion chemistries but
with lower energy density, LFP batteries are rapidly
challenging the status quo in EV sales. A shift to
LFP means lower demand for cobalt and nickel,
with increased use of more abundant iron and
phosphate.®?

Emerging Technologies

a. Solid-State Batteries: These batteries, though
still in development, promise higher energy

density and improved safety by replacing liquid
electrolytes with solid materials. The development
of solid-state technology will reduce the need for
cobalt and nickel but continue reliance on lithium
and possibly new solid electrolytes, like lithium
metal.

b. Graphene-Based Batteries: A technology still
in development, graphene batteries involve the
integration of graphene into the cathode and
anode to significantly improve energy density,
charging speeds, and battery life. Often considered
a “wonder material” due to its lightweight nature
and superior performance in various applications,
graphene’s high conductivity allows for faster charge
transfer, and its durability supports longer-lasting
batteries, making it a promising material for future
EV battery advancements. A shift to this technology
would increase demand for graphite and graphene,
the latter being essentially the building block for
graphite.

c. Sodium-Ion (Na+) Batteries: An emerging
alternative to Li-ion batteries, Na+ batteries use
sodium instead of lithium as the primary charge
carrier. They can be cheaper and more sustainable
than lithium (due to the natural abundance of
sodium), but they have lower energy density. Na+
batteries have potential applications in stationary
energy storage and some EVs. Growth in their use
would reduce dependence on lithium.

d. Lithium-Sulfur (Li-S) Batteries: This emerging
subset of lithium-ion chemistries has the potential
for very high energy density but faces issues with
durability and lifespan. Li-S batteries have a higher
energy density than traditional Li-ion batteries and
rely on sulfur, which is abundant and inexpensive,
instead of nickel and cobalt.’32

Battery design is also an important factor. Currently,
EV batteries are relatively standardized across the
industry. However, experts anticipate that future
developments will introduce modular designs,
enabling customers to tailor their batteries to meet
specific needs, such as prioritizing extended range or
enhanced performance.'®
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POLICY RECOMMENDATIONS

The return of the Trump administration is expected

to bring major changes to U.S. EV policies, potentially
undoing or slowing down key Biden-era efforts. Trump
has expressed skepticism toward EVs and may push to
roll back regulations and eliminate the $7,500 federal
tax credit for EV buyers. Such moves could create hurdles
for automakers and dampen consumer interest in EVs,

raising concerns across the industry.

Funding for EV infrastructure, including nationwide
charging stations, may also face cuts or redirection,
while emissions standards could be relaxed. Despite
these federal policy shifts, states like California are

expected to continue pursuing aggressive climate and EV
initiatives. This may lead to legal battles reminiscent of
previous conflicts over state versus federal authority on
environmental regulations.

Three key recommendations are proposed to address the
challenges posed by potential policy shifts:

1.

Prioritize investing in innovation. This can be
done through two avenues. First, the Department
of Energy should fund research into battery
technologies that use smaller quantities of critical
materials, explore applications for more abundant
resources (such as sodium and graphene), and
reduce both costs and dependency on foreign
suppliers. If U.S. innovation can be harnessed
effectively to reduce the vulnerabilities of the EV
battery supply chain, jobs, investments, and U.S.
competitiveness can be protected and promoted.
Second, the government should fund innovation
to strengthen the circular economy. The United
States needs to advance recycling technologies
and policies to maximize resource efficiency and
minimize waste in battery production and use.
Battery metals that have already been processed
to the point where they can be used in batteries
require less processing when recycled than newly
extracted metals. The Department of Energy must
continue to fund research into battery design

to enhance the potential for recycling battery
metals.

Use tariffs judiciously and promote stable tariff
policies. In November 2024, Trump announced that
his administration would impose a 25 percent tariff

on all goods entering the United States from Mexico
and Canada (and an additional 10 percent on
goods entering from China).'®* This would be
highly disruptive for the auto industry, which
has a deeply integrated mine-to-market supply
chain in North America, given that mining,
processing, and manufacturing occur across the
continent. For example, Canada is the biggest
supplier of nickel alloys that are vital for EVs.

The United States has only one operating nickel
mine—Lundin’s Eagle Mine in Northern Michigan.
However, since the United States does not have

a single completed nickel refinery, the entirety
of nickel output from Lundin’s Eagle Mine is
exported to a refinery in Sudbury, Canada, and
the refined ore is then sold back to U.S. firms

for manufacturing. Given the importance of

the automotive sector to the United States, the
Trump administration should minimize tariffs
with allied nations. Importantly, policies also
need to be stable—when mining, processing, and
manufacturing firms lack certainty, they are more
likely to withhold investment in the supply chain.

Expand production tax credits for all
domestically manufactured vehicles. The IRA
has shown that industrial policy can drive huge
levels of investment and meaningful job growth.
It is time for the U.S. government to provide

such support for the entire U.S. auto industry,
privileging U.S. and North American content

in ways that help the industry compete against
Chinese competition, both domestically and
abroad. IRA credits for EV production have driven
hundreds of billions of dollars in investment in
the United States—across traditionally red and
blue states. Providing similar support for the
entire auto industry would likely drive investment
from U.S. and foreign auto manufacturers and
bring manufacturing job growth to the United
States. However, it is important to note that the
EV industry warrants larger production tax credits
due to its more nascent technology, as well as
that Chinese EVs have become dominant in many
overseas markets. Production tax credits will
allow the U.S. EV industry to develop and achieve
a larger global footprint.
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CONCLUSION

Today’s EV critical minerals supply chains are based
on yesterday’s estimated demand for existing battery
chemistries, and as this chapter has shown, there is

a rapid evolution in battery technologies underway.
Whereas the internal combustion engine remained
largely unchanged throughout most of'its existence,
battery technology is progressing at a breakneck pace.
Impressive innovation already underway in the EV
battery industry will continue to shift critical minerals
demand, and that necessitates a more liberal approach
to the U.S. supply chain strategy. The United States
must take advantage of its incentive-based system
that prioritizes public-private cooperation to foster
innovation and not only match Chinese advances but
actually surpass them.
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The renewable energy
sector is increasingly
central to both economic
growth and national
security, making

[such] supply chain
vulnerabilities untenable.

nce a niche source of electricity generation,

renewables are rapidly increasing their share in

the global power system. Led by solar, investments
in renewable energy compromise more than 90 percent of
power sector investment.'3> Renewable sources accounted
for 30 percent of total global power generation in 2023 and
have been growing faster than the power sector overall.’*®
This has been driven in part by a decline in costs: Between
2009 and 2019, the price of wind power dropped by 70
percent and solar by 89 percent, making both technologies
competitive with other new sources of electricity and an
attractive economic option.*¥’

In the United States, renewables are already a significant
contributor to the grid and have a promising outlook.
With the exception of hydropower, renewable sources
contributed 15.7 percent of U.S. power generation in
2023, with wind providing 10.2 percent and solar 3.9
percent.’® The tax credits in the Inflation Reduction

Act (IRA) are further improving the outlook for both
deployment and domestic manufacturing of renewables
components. Projections suggest that by 2050, wind and
solar could supply anywhere from 44 to 85 percent of
U.S. power generation.'*

Such rapid growth in renewables, however, brings its own
set of challenges. Building renewable energy infrastructure,
especially wind turbines and solar photovoltaic (PV)
panels, requires substantial inputs of both common
materials such as concrete, steel, and aluminum and
specialized minerals such as cobalt, tellurium, and rare
earth elements (REEs). Wind projects incorporate 18 of

the 50 critical minerals identified by the U.S. Geological
Survey (USGS) in its 2022 Critical Minerals Assessment,
while solar projects require 15 of them.'* As demand for
renewables grows, so too will demand for those critical
inputs. And as manufacturing of solar PV and wind
turbine components is reshored, the economic stakes of
supply disruptions to critical minerals will increase.

The renewable energy sector is increasingly central to
both economic growth and national security, making
such supply chain vulnerabilities untenable. To secure
the future of renewable energy and meet ambitious
climate targets, U.S. policymakers should address
these vulnerabilities as part of a comprehensive
approach to building a larger and more diversified
supply chain for clean energy. This chapter focuses

on two materials that already have the attention of
policymakers and are key to deploying the most used
technologies: REEs for wind turbines and polysilicon
for solar PV. As such, they are also key to U.S. goals
related to derisking supply chains, ensuring economic
security, and furnishing the energy transition.

MATERIAL NEEDS

The International Energy Agency (IEA) estimates that
global demand for minerals used in wind and solar PV
could increase by a factor of about three in scenarios
involving rapid emissions reductions by 2040. As

a challenge for markets and policymakers to meet,
this one appears “manageable.” By comparison, the
demand for battery minerals is expected to grow more
dramatically, with EVs and grid-scale batteries driving
up demand for lithium by over 40 times today’s
production levels.**!

This is in line with other global assessments from
academic literature, which suggests that achieving
ambitious climate targets through renewables
deployment will require significant increases in key
minerals. Stringent climate policies could triple the
demand for certain REEs used in wind turbines, while
the demand for polysilicon in solar PV could more
than double. Though such rapid growth would surpass
historical trends, global reserves are expected to be
sufficient to meet cumulative demand, especially as
recycling of older turbines and solar PV cells becomes
economical.'*
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China holds a dominant role as a producer, refiner, and
processor of both REEs and polysilicon. These materials
have already faced export controls and tariffs, as well
as prohibitions on imports into the United States
under the Uyghur Forced Labor Prevention Act.'*
These disruptions—and their economic and social
consequences—are motivating U.S. efforts to secure
stronger supply chains of these materials.

Wind

Over the past 10 years, the United States has installed
an average of 10 gigawatts (GW) of wind capacity per
year, resulting in nearly 150 GW of total installed wind
capacity by the end of 2024. Energy modeling suggests
that with the renewable tax credits from the IRA, wind
capacity deployments could increase to 15 or 20 GW
per year, which would double mineral demand over
the next decade.’* However, in its assessment of the
material requirements for renewables, the National
Renewable Energy Lab (NREL) projected that achieving
ambitious climate targets could require wind capacity
deployment of up to 90 GW per year.'#

As wind energy deployment grows, the demand for
minerals increases proportionally for each input—with
REEs standing out as a particular area of vulnerability.
These elements are key to the efficient and lightweight
permanent magnets that allow for large wind turbines.
The U.S. wind industry already consumes a small
fraction of global production (see Table 1), and further

expansion would require a substantial portion of
today’s global output. The huge relative share of global
production that will be required to serve U.S. demand
alone indicates there is significant transition risk
associated with REE supply, a judgment echoed in

the U.S. Department of Energy (DOE)’s 2023 Critical
Minerals Assessment.** Expanded wind deployment
globally will require much higher production of REEs,
with the IEA estimating that ambitious climate targets
would require REE production to increase by up to a
factor of 7 by 2040.%#

In addition to future availability, supply concentration
is a particular concern for REEs. China accounts for
about 60 percent of REE extraction, 85 percent of
processing, and over 90 percent of permanent magnet
production.’® Its dominant role in refining and
processing is particularly important. The United States
is the second-largest producer of REEs globally, behind
China, but U.S.-produced rare earths have historically
been sent to China for processing.'*

The critical mineral supply chain for wind power,
particularly when it comes to REEs, is vulnerable and
potentially problematic. Given the importance of REEs
and permanent magnets throughout the economy,

they are already being addressed by policymakers. The
United States is home to one major rare earth mine, the
Mountain Pass Rare Earth Mine and Processing Facility
in California. In 2023, its operator, MP Materials,
announced plans to recommission processing

facilities at the site to separate and refine high-purity

Table 1: Availability of Vulnerable Wind Materials Needed to Satisfy Annual U.S. Wind

Deployment
Leading U.S. .
Current Production
Material Import Source (mill ke/
millions r)
(2016-2019) Y

Projected Availability
(millions kg/yr)

Percentage of Current Global Production
Required for U.S. Wind Deployment

Current Levels (10 Potential Future
GW/yr) Levels (90 GW/yr)

Dysprosium China

Neodymium China 40.8 1,200
Praseodymium China 14.4 370
Terbium China 0.5 10

0.8-3% 9-28%
1-4% 10-35%
<0.1% 3-7%
<0.1% 1-2%

Source: Aubryn Cooperman et al., Renewable Energy Materials Properties Database: Summary (Golden, CO: National Renewable Energy Laboratory,

2023), 20-21, https://www.nrel.gov/docs/fy230sti/82830.pdf.
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neodymium-praseodymium (NdPr) oxide, essential in
permanent magnets.’ The DOE is also supporting an
MP Materials facility in Texas that will produce rare
earth magnets."! Additional investments are being
made to establish REE processing in the United States.
Australian company Lynas Rare Earths, with support
from the U.S. Department of Defense, is constructing
a facility in Hondo, Texas, that will process both light
and heavy REEs supplied by mines in Australia.’? These
efforts are designed to create a full supply chain for
REEs that can meet some of U.S. demand and diversify
away from China.?*3

Solar

Over the past decade, the United States has added
over 100 GW of solar PV capacity, culminating in 131
GW of installed capacity by the end of 2024.%5* Unlike
the relatively steady growth of wind power, solar
deployment has been accelerating. Projects planned
and under construction are expected to increase solar
capacity by 38 percent between 2023 and 2024 alone.
Looking ahead, forecast models suggest IRA incentives
could help grow solar capacity by 30 to 60 GW per year
by 2035.%% Similarly, the DOE has projected high-end
deployment rates of nearly 70 GW per year through
2035, tapering to 50 GW per year by 2050.%%

In high-deployment scenarios for solar, the DOE found
that while demand would increase for materials such

as silver, silicon, and aluminum, these increases would
be moderate compared to today’s production and rising
global demand.” In the case of silicon, the maximum
consumption estimate for 2030 is 157,000 tons per
year, which remains small compared to today’s annual
production of 8 million tons.**® Overall, by 2030, rapid
solar deployment in the United States is projected to
account for about 0.6 percent of current global demand
for aluminum, 2.0 percent for silicon, and 3.7 percent for
silver.’® Despite the diverse material requirements, the
quantities needed for U.S. solar power make it relatively
safe from supply limitations even in high-use cases.

Although silicon is abundant, solar PV systems
require silicon products that are purified and refined.
Most solar PV modules currently being deployed use
crystalline silicon (c-Si) cells, which use polysilicon
as a key input. Polysilicon is essential for the
semiconducting properties that convert sunlight into
energy and is less costly than monocrystalline silicon.

Solar-grade polysilicon must be of very high purity and
thus requires refining and processing.®

China dominates solar-grade polysilicon production,
accounting for 85 percent of global manufacturing
capacity.'®! A significant portion of that capacity is
located in Xinjiang Province, raising concerns about
the potential use of forced labor in the solar supply
chain.’®? Additionally, the environmental impact of
Chinese solar manufacturing is notable, as reliance on
a coal-heavy grid results in Chinese polysilicon having
higher emissions. More broadly, the high concentration
of supply in China raises concerns about supply chain
dependence for U.S. manufacturers of downstream
products, including solar cells and modules. A recent
study found that reshoring PV manufacturing to the
United States would decrease the sector’s emissions
intensity by 30 percent.'®®

In pursuit of supply diversification, tax credits and trade
restrictions on Chinese products could incentivize the
relocation of polysilicon manufacturing to the United
States. The DOE is tracking 69,000 tons per year of

U.S. polysilicon production capacity, which compares
favorably to the 157,000 tons per year by 2030 in a high-
solar-deployment scenario.'* This capacity currently
stems from three facilities that have been reopened

or expanded in recent years: Hemlock Semiconductor,
REC Silicon, and Wacker Polysilicon North America.'®
Michigan-based Hemlock Semiconductor, for example,
announced an expansion in 2022, and REC Silicon is
reopening a formerly shuttered manufacturing facility
in Moses Lake, Washington.'®® In addition, the DOE
allocated funds in April 2024 to support Tennessee-based
Highland Materials for a manufacturing plant that will
produce 16,000 tons of solar-grade polysilicon.'*” These
projects are being enabled by the IRA’s 45X Advanced
Manufacturing Production Tax Credit, under which
companies can claim $3 per kilogram for manufacturing
solar-grade polysilicon, as well as additional credits for
manufacturing PV wafers, cells, and modules, as well as
other solar-related components.®

RECOMMENDATIONS

Specific policy interventions have enabled the progress
that U.S. industry has made in securing supply chains
for REEs and polysilicon. But the job is not yet complete,
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and projects are still coming online. Looking forward,
these programs will have to be evaluated on their ability
to foster commercially viable projects that participate
meaningfully in the supply chain for an expanding
renewables industry. Commercial competition, especially
from Chinese firms, will be intense. Policy interventions
will be successful when they help build a resilient supply
chain for the United States.

« The DOE and other agencies should seek
opportunities to coordinate different policy tools
to develop integrated supply chains. For REEs, the
key will be to develop expertise and technology
that can refine and process these minerals for
multiple uses and incorporate them into permanent
magnets. This will help the United States take
advantage of its domestic production and bring part
of the supply chain out of China. Additional projects
can take advantage of the IRA’s 48C tax credits and
support from the DOE’s Loan Program Office, which
can fund critical mineral projects at all stages of
production: extraction, processing, manufacturing,
and recycling.®®

+  Policymakers should cooperate with allies
such as Australia and Canada in securing REEs.
Expanding collaboration through the Minerals
Security Partnership or bilateral trade agreements
could help source additional REEs for processing or
manufacturing in the United States. In particular,
expanding the Defense Productions Act’s definition
of “domestic source” to include Australia would
grant mining and processing facilities in that
mineral-rich country access to direct support and
procurement authorities.'”

+  Polysilicon projects under development should
be fostered and linked to higher levels of the solar
supply chain. This will likely happen with support
from the 45X tax credit, which applies to various
stages of the solar manufacturing chain, including
production of wafers, cells, and modules. Polysilicon
projects at these stages can be encouraged to take
advantage of domestic resources; wafer and cell
manufacturing facilities in particular should be
supported via the clean manufacturing tax credits
and other programs to encourage local demand.
Revising domestic content requirements for solar
tax credits to reflect the upstream portions of the
supply chain would further incentivize domestic

polysilicon.’ Such integrated industry is key to
building ecosystems of innovation that reduce cost
and build resilient supplies.

« The new administration should address the role
that tariffs and trade restrictions on Chinese
products and firms will play in its strategy for
securing supply chains. In addition to enforcing
trade restrictions on Chinese polysilicon, the
Biden administration is increasing tariffs on rare
earth magnets and Chinese-produced solar cells to
defend domestic producers.'’? In addition, there
are multiple congressional proposals to exclude
Chinese-sourced technology and minerals from
U.S. tax credits.'”® Such restrictions should be
designed to address unfair trade practices, the
high carbon intensity of Chinese production, and
human rights but should not contribute to trade
tensions through unfair protectionism. Moreover,
fully excluding Chinese firms or technology—
which could still be brought into the United States
through joint ventures or licensing—would hamper
efforts to establish resilient supply chains in a cost-
effective way.

CONCLUSION

The United States is experiencing significant growth in
renewables deployment, supported by climate policy
and increasingly good economic outlooks for wind

and solar power. While concerns over mineral supply
constraints are warranted, they appear manageable

in the case of the increased demand expected from
renewables (though certain REEs will need attention).
By contrast, concerns over China’s dominance in

the production and processing of REEs, other critical
minerals, and polysilicon are well founded. Investments
in domestic production, refining, and recycling should
help mitigate the risks of supply disruptions and reduce
dependence on foreign sources, setting the stage for
long-term energy security.
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Supply chain shifts and
industrial transitions

take time, but with the
right adjustments, IRA
incentives have the
potential to catalyze shifts
in mineral supply chains
that may change the entire
security landscape

he Inflation Reduction Act (IRA) 0f 2022, the

Biden administration’s flagship piece of legislation,

aims to address climate change by boosting U.S.
manufacturing of clean energy technologies such as
electric vehicles (EVs), solar panels, and wind turbines, as
well as their components—including critical minerals. The
Biden administration has set ambitious targets of cutting
all carbon emissions from the transportation sector and
achieving net-zero carbon emissions by 2050.1* To help
meet these goals, the IRA was enacted to rapidly accelerate
the development and uptake of EVs, as well as renewable
energy projects, to decarbonize the electrical grid. All of
these technologies are highly minerals intensive.

The IRA was a politically contentious piece of
legislation at the time of'its passage, garnering
exclusively Democratic support—not a single
Republican in the House or Senate voted for the bill.'7
However, that has not stopped Republican-led states
from benefitting from the incoming investment, jobs,
and technical skills spurred by the legislation. As of
August 2024, nearly 85 percent of the total $126 billion
in investments and 68 percent of the 150,000 newly
created jobs have flowed to Republican districts.'’
Ohio, North Carolina, and Georgia have been major
recipients of IRA-induced projects, which may

signal the beginning of a manufacturing renaissance
accompanying the clean energy transition.

The bill’s provisions of tax credits, grants, and loan
guarantees have led to a boom in domestic clean energy
projects, catalyzing investment from abroad into U.S.

manufacturing of EV batteries and solar cells. As these
projects take off, the demand for critical minerals such
as lithium, cobalt, and nickel is projected to rise.’””
Securing supply chains for minerals like lithium,
nickel, cobalt, graphite, and rare earth elements (REEs)
is not only a goal of the IRA but also vital to the success
of the law’s broader decarbonization objectives. The
Biden administration has repeatedly emphasized

the importance of securing critical minerals through
the IRA. However, the implementation of the IRA’s
provisions has been insufficient to fully address the
needs of critical minerals supply chains.

To understand the IRA’'s impact on critical minerals
security, this chapter describes each relevant provision
and assesses its strengths and weaknesses. The IRA is
then evaluated on its success in achieving its intended
goals: accelerating decarbonization, boosting domestic
manufacturing, and ensuring the security of critical
minerals supply chains independent of adversaries.
Analyzing the IRA provides valuable insights that

can be applied to the mineral supply chains of

other industries, including energy technologies,
semiconductors, defense applications, and the
industries that drive the modern economy. Landmark
legislation like the IRA has the potential to make or
break U.S. critical minerals security goals.

WHAT PORTIONS OF THE
INFLATION REDUCTION
ACT ADDRESS CRITICAL
MINERALS?

The IRA creates or expands the following incentives

that apply to the critical minerals industry: Section

30D New Clean Vehicle Credit, Section 45X Advanced
Manufacturing Production Credit, Section 48C Qualifying
Advanced Energy Project Credit, additional capital for the
Defense Production Act Title III, and the programs of the
Department of Energy’s Loan Programs Office.

Section 30D New Clean Vehicle Credit

Section 30D of the IRA incentivizes the procurement
of minerals for battery manufacturing from allied
sources by providing up to $7,500 in tax credits for
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Figure 1: Free Trade Agreement Countries
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qualifying EV purchases. This provision is key to
increasing affordability and deploying EVs at scale.

To be eligible, vehicle manufacturers must meet
several criteria, including sourcing requirements for
critical minerals and components. The Department

of the Treasury ruled that EVs will only be eligible for
$3,750 of the credit if they meet specific thresholds
for the critical mineral content of their batteries.

As 0f 2024, 50 percent of the minerals in an eligible
vehicle must be extracted and processed in the United
States, a country with which the United States has a
free trade agreement (FTA), or Japan, which is the sole
beneficiary of a critical minerals agreement (CMA).
This threshold increases annually, reaching 80 percent
by 2027.

To receive the tax credit, vehicles must also comply
with the foreign entity of concern (FEOC) rules. The
Bipartisan Infrastructure Law defines an FEOC as

any entity “owned by, controlled by, or subject to the
jurisdiction or direction of a government of a foreign
country that is a covered nation.”"’® There are four
FEOCs: China, Russia, Iran, and North Korea. The
Department of Energy further clarified the definition
in December 2023, determining that an entity is
considered an FEOC if 25 percent or more of its voting

South Korea

Israel—

—Bahrain

\
Oman
Jordan

Singapore — .

Australia

rights, board seats, or equity interest are held by the
government of a covered nation, or if the entity is
effectively controlled by an FEOC through a license or
contract.'” To qualify for Section 30D benefits, vehicles
must not contain any minerals mined or processed

by an FEOC, as defined. If any supplier to a vehicle
manufacturer is in violation, the vehicle will not qualify
for the Section 30D tax credit. This FEOC requirement
goes into effect on January 1, 2025.

These sourcing requirements were intended to catalyze
investments in critical minerals production in both
the United States and its free trade partners, as well

as to incentivize auto manufacturers to shift away
from foreign adversaries in favor of domestic mineral
suppliers. However, an unintended consequence of the
Section 30D tax credit has been the disqualification of
many EVs manufactured in North America.’® At the
start of 2024, only 10 vehicles qualified for the credit—a
number likely to decrease once the FEOC rules go into
effect in January 2025.%8

The FEOC threshold has come under rightful scrutiny.
On the one hand, critics argue that the provision is
too permissive and should not allow firms with any
Chinese ownership to receive taxpayer-subsidized
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benefits from the IRA. On the other hand, the FTA
threshold is viewed as too restrictive, as most FTA
countries lack the minerals needed for EV battery
manufacturing. There is broad consensus that
legislative loopholes need to be closed, given that
Chinese firms are reportedly using parent or shell
companies to benefit from the tax incentives.'®?

Congressional leaders from both sides of the aisle
have expressed concerns about the implementation

of Section 30D, particularly regarding FEOC guidance.
Senator Joe Manchin (I-WV), at the time a Democrat
and one of the original sponsors and key architects

of the IRA, led a bipartisan group of senators to
introduce a Congressional Review Act resolution of
disapproval aimed at overturning the Department of
the Treasury’s final rule implementing the Section 30D
Clean Vehicle Credit. Manchin objected to the Biden
administration’s interpretation of the Section 30D
sourcing requirements, describing it as inconsistent
with the intent of Congress. The senator stated that the
Department of the Treasury’s determination “allows
China to gain control of our nation’s auto industry.”s

Graphite is the greatest sourcing hurdle for most
battery and EV manufacturers. It is the largest mineral
component of a battery by weight, comprising over

145 pounds of the total 456 pounds of minerals in an
EV battery. In comparison, an internal combustion
engine requires no graphite and uses only 75 pounds
of minerals in total.’® China accounts for 77 percent

of natural graphite production, over 95 percent of
synthetic graphite production, and nearly 100 percent
of graphite refining.'®> The United States, meanwhile,
contains less than 1 percent of the world’s graphite
reserves and is 100 percent import reliant, as it has yet
to develop a domestic graphite mine despite significant
government support for Graphite One’s project in Nome,
Alaska.’®® To keep U.S. EV manufacturing on track,

the Department of the Treasury exempted graphite
from FEOC requirements for two years, declaring it
“impracticable-to-trace” until 2027.%’

The nascent North American graphite industry has
raised concerns that the exemption could impede
the development of a domestic graphite industry
which cannot compete with Chinese prices.'® While
the graphite exemption is necessary for the U.S. auto
industry to remain competitive in EV manufacturing,
alternative sources of graphite outside China are

developing rapidly and are expected to come online

in the coming years. Therefore, the exemption should
remain in place until 2027 but should not be extended
further. This will incentivize automakers to source
graphite from Western suppliers and eliminate reliance
on FEOC graphite by 2027.

Given the disapproval surrounding Section 30D’s
implementation from both Congress and industry,

the provision’s longevity under a new administration
remains politically precarious. For Section 30D to remain
politically viable for future administrations, it must

be implemented in a manner that better protects the
domestic industry, includes more strategic international
partners, and prevents Chinese firms from benefitting,
as Congress intended.

Section 45X Advanced Manufacturing
Production Credit

Section 45X of the IRA provides a 10 percent credit

for the costs incurred during the production of critical
minerals to specified levels of purity.'® The credit was
intended to expand domestic production of critical
mineral components for clean energy technologies.
Notably, the credit phases out for all industries by 2032,
except for critical minerals projects. This means that, if
properly executed, the Section 45X credit could provide
perennial financial support to capital-intensive critical
minerals projects.

However, in December 2023, the Department of the
Treasury proposed a rule that “direct and indirect
material costs . .. and any costs related to the extraction
or acquisition of raw materials would not be taken into
account as production costs.”**® This would mean the
tax credit could only be applied to mineral processing,
not mining. The credit was not optimally designed for
mineral processors either. According to the proposed
rule, the costs of attaining raw minerals would not

be covered under the Section 45X credit, but these

raw material costs are often the primary expenses

for mineral processors and recyclers. Therefore, even
eligible mineral processors were not gaining much
financial support from the Section 45X credit.

The proposed Treasury Department rule met with
intense opposition from private industry and
congressional leaders. Nine Democratic senators wrote
a letter to Treasury Secretary Janet Yellen in direct
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response to the department’s Section 45X rulemaking,
expressing their displeasure and contending that the
rule does not align with congressional intent. The
National Mining Association, representing members
including General Motors, MP Materials, Perpetua
Resources, Rio Tinto, South32, and a host of other
mining and automotive companies, submitted public
comments that, without the inclusion of material
and extraction costs in the calculation of Section 45X
credits, “the impact of the 45X credit is significantly
reduced.”™™

In October 2024, the Department of the Treasury released
its final rule on Section 45X.' In a stunning reversal, the
final ruling recognized that previous guidance did not
incentivize proportional investments in the minerals
sector due to restrictions on what counted as production
costs. The final rule clarified that material and extraction
costs may now be included in calculating credits for
projects producing eligible processed and refined critical
minerals.' This significantly changes the scale of
benefits that critical minerals projects can derive from the
Section 45X credit. Projects that are vertically integrating
supply chains by feeding extracted ore from Western
mining operations to U.S. refineries can now apply the

10 percent credit to the vast majority of their production
costs in perpetuity. This will help offset the immense
costs mineral projects face in a market highly vulnerable
to Chinese manipulation.

Section 48C Qualifying Advanced Energy
Project Credit

The Section 48C investment tax credit provides $10
billion in credits for qualifying projects that fall into one
of three categories:

1. Clean Energy Manufacturing and Recycling:
Reequips, expands, or establishes an industrial
or manufacturing facility for advanced energy
properties (e.g., EVs, solar panels, or energy storage
systems)

2. Industrial Decarbonization: Retrofits a
manufacturing facility in an energy-intensive sector
to reduce greenhouse gas emissions

3. Critical Materials: Reequips, expands, or establishes
an industrial facility for the processing, refining, or
recycling of critical materials

Manufacturers can seek a credit worth up to 30 percent
of the total amount invested in facilities that produce
critical minerals. Unlike the Section 45X credit, the
Section 48C program is competitive—not all projects
that apply for the credit will be granted benefits. In

the first round of Section 48C awards, of the 250 full
applications requesting $13.5 billion in credits, 35
projects totaling $4 billion in awards were selected.
This is only a 14 percent acceptance rate.'**

Of the projects selected for the credit, two-thirds
fell under the clean energy manufacturing and
recycling category, meaning that critical materials
projects were deprioritized in the first tranche of
funding.’® So far, it seems the Section 48C tax credit
has been meaningful in incentivizing companies

to make investments in domestic production of
critical materials, although funding remains more
concentrated in downstream applications.

Applications for the second and final tranche of 48C
funding were due in October 2024, and awards were
announced in January 2025 to allocate the remaining
$6 billion of funding.'® The distribution of funds

for the second tranche was similar to the first, with
only 25 percent of awards going to critical materials.
Unless further funding is appropriated by Congress,
the Section 48C program will end, rendering future
projects ineligible.

Minerals projects are at a disadvantage in meeting
Section 48C timelines due to the condition thata
project is only eligible if it has received all federal,
state, and local permits within two years of receiving
an award."’ This timeline is challenging for minerals
projects to meet, considering it can take decades

to obtain all the necessary permits. By the time

many minerals projects would be able to receive all
needed permits, mobilize capital, and put together an
application, Section 48C will have no remaining funds.

Defense Production Act Title llI

The Defense Production Act (DPA) of 1950 was first
enacted in response to the Korean War to expand
the authorities of the president to ensure U.S.
industry has the capability and capacity to meet
national security needs. Title III of the act gives the
president the authority to leverage incentives for
private industry, such as loan guarantees, purchase
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commitments, and grants, to expand production
capacity and supply of critical technologies.'”®

Since 1950, the DPA has been routinely invoked by
presidents to respond to a number of crises, including
the Cold War, the energy crisis of the 1970s, and the
Covid-19 pandemic. The DPA is set to expire in 2025
unless reauthorized by Congress.'”

The IRA provided an additional $500 million toward
the DPA Title III grants, which provide financial
support to critical minerals projects that protect,
expand, or restore industrial base capabilities critical to
national security. Under the Biden administration, DPA
Title III has been particularly important for building
domestic midstream capabilities. To address this large
vulnerability, DPA Title III has funded cobalt refining
in Canada, titanium processing in North Carolina,

and REE separation in Texas, along with several other
critical minerals projects.?®

Expansion of the Department of Energy’s
Loan Programs Office

Finally, the Department of Energy received an
additional $11.7 billion in funding and was granted
an additional $100 billion in loan authority for its
Loan Programs Office (LPO). The office was first
established in 2005 by the Energy Policy Act to fill the
gaps in affordable private debt and bring promising
energy technologies to market that would otherwise
be unable to access private financing. In this way,
the LPO acts as a “bridge to bankability” to kickstart
projects that might otherwise take a long time to
reach commercial scale. This is especially important
for critical minerals projects that are struggling

to attract financing during periods of depressed
commodity prices.

The IRA expanded the scope of the LPO to create

new programs and increased the loan authority by

$100 billion. Critical minerals projects can qualify for
funding under the LPO’s Advanced Technology Vehicles
Manufacturing Loan Program (ATVM) as a qualifying
vehicle component.? If selected, companies can receive
a direct loan or loan guarantee of up to 80 percent of the
project’s eligible costs.?%?

Some loans have been granted for mining and mineral
processing projects. In 2022, Syrah Resources, an
Australian company, received the first ATVM loan in

over a decade and the first of its kind for the critical
materials industry.?® The $102 million loan from

the Department of Energy will support its graphite
processing facility in Vidalia, Louisiana. When Syrah’s
facility is complete, it will create the first vertically
integrated graphite supply chain outside of China,
sourcing graphite from its mining operations in
Mozambique.?**

Syrah Resources’ graphite production, supported by
the LPO, was once thought to be an exemplary use

of IRA funds. With the government’s support, the
project was projected to boost U.S. manufacturing,
create jobs, establish a new graphite supply chain
independent of China, and create a graphite source
that the U.S. EV industry can rely on to qualify

for Section 30D benefits in 2027. However, in
December 2024, Syrah Resources declared force
majeure and suspended operations for its graphite
mine in Mozambique, as unrest and violence plague
the nation following a disputed election result.?%
Now, Syrah’s Louisiana processing project is at risk

as well, unable to source graphite feedstock from

its partner project in Mozambique. The company’s
stock plummeted as Syrah defaulted on its U.S.
government-backed loans.?*® This recent development
highlights the inherent risk with LPO investments

in projects with supply chains vulnerable to political
disruption. The incident also shows the importance of
diversifying mineral supply to decrease dependencies
on a singular feedstock source.

Additional loans in the critical materials sector have
been extended to Ioneer’s Rhyolite Ridge project ($700
million) and Lithium Americas ($2.26 billion) for
lithium production, as well as Li-Cycle ($375 million)
for battery minerals recycling and recovery. But LPO
grant funding for critical materials projects remains
limited, with far greater amounts going toward battery
manufacturing projects. Critical minerals projects
seeking LPO funding still face many challenges—the
LPO process is lengthy, challenging to navigate, and
prone to delays, as upstream projects can take decades
to obtain the permits and offtake agreements needed.
While LPO funds would be meaningful for capital-
intensive midstream projects, few currently exist in

a market where achieving economic viability is so
challenging.?’
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SCORING THE IRA’S CRITICAL
MINERALS EFFICACY

The IRA has three primary objectives as they relate to
critical minerals security: (1) accelerate the deployment
of mineral-intensive clean energy technologies, (2)
support domestic manufacturing, and (3) secure supply

chains by eliminating dependence on foreign adversaries.

The law’s provisions described above were created with
these objectives in mind. In practice, however, the IRA
has yielded mixed results, and critical minerals supply
chains have a long way to go before the United States and
its allies have sufficient production to support the many
clean energy projects underway downstream.

One of the IRA’s largest shortcomings is in
“friendshoring” critical minerals production. Section

Table 1: Inflation Reduction Act Report Card

IRA Objective

30D was intended to incentivize U.S. EV and battery
manufacturers to source critical minerals from the
United States or its FTA partners. However, limiting
the benefit to FTA partners excluded crucial allies and
major minerals producers such as Argentina, Brazil,
India, Indonesia, Namibia, Saudi Arabia, South Africa,
Vietnam, Zambia, and the European Union. Meanwhile,
the primary mineral production of FTA partners, such
as Chile, Mexico, and Peru, is copper—a critical material
for energy that is not even eligible for Section 30D
benefits, given that it is not on the Department of the
Interior’s Critical Minerals List.?%® Therefore, Section
30D is largely ineffective for sourcing from partners
abroad: most FTA partners are not substantially
benefiting from the IRA due to their limited resource
reserves, and mineral-rich countries that could benefit
are excluded.

Accelerating Clean Energy Technology Development and Deployment in the United States

Domestic critical minerals mining

Domestic processing of mineral inputs

Domestic manufacturing of final products
(EVs, turbines, solar panels)

IRA Impact Grade
Sections 45X and 48C ineligible, Section 30D, DPA Ill, and LPO eligible, but

limited impact due to domestic permitting system

Processing projects spurred by Sections 45X and 48C, DPA, and LPO but 3.0

magnitude of results remains to be seen amid challenging market conditions

Many new factory announcements due to Sections 45X, 48C, and 30D, and LPO.
However, EV sales remain depressed, and final products largely contain critical 2.0
minerals from adversaries

Emissions fell 3 percent in 2023, largely attributed to increased renewable

Declining emissions?®

power in the electric power sector. Transportation sector emissions remained 3.0

unchanged due to low EV uptake.

Category average 2.25

Boosting Domestic Manufacturing

Job creation?'® 150,000 jobs created in 2023 4.0

Inbound investment?: $500 billion in total clean' energy |r?vestment, many companies frqm Europe, 40
Japan, and South Korea investing in large U.S. manufacturing projects

Category average 4.0

Securing Mineral Supply Chains Independent of Adversaries

Export rerouting Vertically integrated supply chains are still few and far between 2.0

eSteInIOitAe agreements Section 30D is largely disincentivizing Western offtake of minerals in key 20

non-FTA countries
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Removing FEOCs from supply chains

Friendshoring mineral production

Some progress, but without CMAs or access to Section 30D benefits, investments
to source minerals in non-FTA countries are disincentivized

Progress in REEs, graphite, and lithium production 3.0

2.0

Category average 2.25

Final Score ‘

IRA Performance Key:

4.0 - Exceeding Expectations
3.0 - Meeting Expectations
2.0 - Below Expectations

1.0 - Poor

Source: CSIS analysis

One proposed workaround for granting more countries
FTA status is through the use of CMAs, which are FTA-
equivalent, minerals-specific agreements that could

be negotiated on a shorter time frame than an entire
FTA. The U.S.-Japan CMA was signed by the Biden
administration in March 2023. However, the agreement
was met with intense backlash from Congress, with
Democrats as well as Republicans lamenting that the
rushed agreement bypassed the role of Congress in
ratifying FTAs.?*? Since then, no additional CMAs have
been signed, and the list of FTA-equivalent countries sits
atjust 21.2'3 As the critical minerals domestic sourcing
requirement rises in the coming years, U.S. downstream
manufacturers will need more diverse sourcing options
to continue to qualify for benefits, but no framework to

expeditiously incorporate more partners currently exists.

Without widening the beneficiary list, there is no
incentive for Western producers to invest in projects
in resource-rich countries, nor any incentive for these
countries to seek Western offtake of their mineral
production, as China remains a willing buyer. This is
adversely impacting the United States. As the Pentagon
invests in REE separating and refining capacity for
permanent magnet technologies through its DPA Title
III program, these projects will depend on a steady
supply of ore feedstock. With less than 2 percent of the
world’s REE reserves inside U.S. borders, midstream
refiners will need to work with global partners, like
Brazil, to secure feedstock. Brazil holds nearly a fifth

of the world’s known REE deposits.?** Brazil’s first REE
mine, Serra Verde, started commercial production in
2024, but without the qualifications for Section 30D

2.83

benefits, Brazil has no incentive to sign a long-term
supply contract with a U.S. firm.?" Under the current
IRA framework, the United States will lose offtake

of key mineral deposits to Chinese refiners, and EV
manufacturers will be unable to eliminate FEOC
suppliers from their supply chains.

POLICY RECOMMENDATIONS

To make the IRA work better for mineral security, the
U.S. government should pursue the following actions:

1. The United States needs to build on the FTA
partner list to include mineral-rich strategic
partners currently excluded and left behind.
Section 30D’s FTA requirements are arbitrary and
were not created with mineral reserve locations in
mind. The IRA cannot change geology, and global
supply will remain reliant on Indonesia’s nickel,
Madagascar’s graphite, and Argentina’s lithium for
the foreseeable future. To be less discriminatory,
the U.S. government should, in consultation with
Congress, come up with a list of approved countries
for Section 30D credits that align with U.S. mineral
security goals and human rights standards. This
will incentivize a greater number of strategically
important countries to work with Western partners
over Chinese buyers.

This task may seem daunting, but there are a
number of bilateral and multilateral cooperative
forums and trade agreements that could be
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expanded. For example, the Quadrilateral Security
Dialogue, Indo-Pacific Economic Framework

for Prosperity, and Americas Partnership for
Economic Prosperity could become more useful if
they included binding terms, such as investment
incentives, eligibility for subsidies and concessional
financing, and preferential market access. Trade
agreements can also be revised. For example, the
African Growth and Opportunity Act (AGOA) is

up for reauthorization in 2025, and several of the
beneficiaries—such as the Democratic Republic

of the Congo, Madagascar, Namibia, South Africa,
Tanzania, and Zambia—are rich in minerals. Most
of these mineral exports currently go to China.

By including an investment incentive—similar

to Section 30D—in AGOA, the United States can
both incentivize investment in these countries by
Western companies and encourage routing supply to
the United States instead of China.

2. FEOC rules should be amended to phase out
taxpayer-subsidized benefits for projects with
any Chinese ownership. At present, to qualify for
IRA tax credits, mineral projects must be less than
25 percent owned by an FEOC. This means that a
mine that is 24 percent owned by a Chinese firm in
Peru would still receive IRA benefits, given that the
United States has an FTA with Peru. As the United
States and allied nations build their capabilities,
the United States should steadily reduce the
FEOC ownership threshold to zero percent. This
does not mean that Chinese firms cannot export
to the United States; it simply means they will
not be eligible for the tax credits that give them a
competitive edge.

3. Additional subsidies, such as a price floor, are
needed for mining projects both at home and
abroad that feed U.S. processors and refineries.
Western mining and processing operations will not
be able to compete against Chinese and Russian
prices without additional government support. The
cost of producing nickel at Chinese-owned Weda
Bay in Indonesia is just $4.23 per pound, compared
to the U.S. Eagle Mine’s costs of $5.32 per pound.?*®
China produces minerals using dirtier energy
sources, cheaper labor, and government subsidies
designed to price out Western competition. U.S.
critical minerals producers need all the support they
can get to compete as prices for key energy minerals

reach two-year lows. A price floor would give
mining companies and their investors assurance
that their capital-intensive projects will not become
economically unviable due to commodity price
volatility.

Another example of how price floors could be crucial
for mineral producers is palladium production.
Palladium is key to hydrogen fuel cells, but its
production is primarily concentrated in Russia

(43 percent of global production) and South Africa
(36 percent). The United States produced only

3.5 percent of the world’s palladium in 2023.2
Russian palladium operations are substantially
cheaper than those in South Africa and the United
States due to low safety standards. The total cash
cost for mining one ounce of palladium at Norilsk
in Russia is just $402 per ounce, compared to

$590 at South Africa’s Mogalakwena operation.?'s
Sibanye-Stillwater, a South African company,

owns the only major palladium operation in the
United States. Its operating costs for 2024 reached
over $1,000 per ounce—greater than the selling
price of palladium. At times, the company was
losing as much as $600 per ounce produced.?”®

As a result, the company announced nearly 800
layoffs for its palladium mining operations in
Montana and paused production. A price floor could
ensure that commodity prices do not fall below
mining production costs, helping strategic mining
operations remain operational and saving U.S. jobs.

CONCLUSION

The IRA is the most significant piece of legislation

to date that addresses the component supply chain
needed to secure clean energy technologies. It created
a host of incentives designed to reroute mineral supply
chains by stimulating investment in the United States
and select partner nations. By some measures, the IRA
has seen marked success; by others, there is still much
work to be done.

Supply chain shifts and industrial transitions take time,
but with the right adjustments, IRA incentives have the
potential to catalyze shifts in mineral supply chains that
may change the entire security landscape for the energy
technologies of the future. To make the IRA work better
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for mineral supply chains, policymakers should expand
the list of countries benefitting from mineral production
and processing incentives; steadily tighten the FEOC
ownership requirements to reduce the competitive
advantage that firms with fractional Chinese ownership
gain through the IRA; and leverage new financing

tools, like price floors, to accelerate the development of
mining and processing capabilities in the United States
and allied nations.

The IRA serves as an important template for how
incentives could be structured to secure critical
minerals supply chains for a variety of industries
beyond just energy. Just as the IRA targets the lithium,
graphite, and REEs needed for EVs and wind turbines,
similar legislative initiatives could target gallium and
germanium for semiconductors or antimony and
tungsten for defense technologies. Securing mineral
supply chains for the modern economy is one of the
great challenges of our time. To succeed, policymakers
will need the right set of incentives to push the private
sector to innovate and expand to its full potential.
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As legislative and executive
branch action on critical
minerals has largely focused
on minerals associated with
clean energy and electric
vehicles, Congress should
specifically address the
supply of semiconductor
inputs.

emiconductor design and production were once

major sources of economic power for the United

States. In 1994, U.S. semiconductor companies
commanded 50 percent of the European market, 40 percent
of the Asia-Pacific market, and 17 percent of the Japanese
market. The electronics industry in 1995 was one of only
seven manufacturing industries in the United States
that employed more than one million workers, with 40
percent of those workers focused specifically on chips, and
that percentage was rising.??° At the time, Japan was the
United States’ primary rival for dominance in the global
semiconductor industry, with the United States holding the
largest share of the global market and Japan close behind,
while South Korea and Taiwan were beginning to establish
their footholds. Amid this competition, governments in the
United States, Japan, and Europe invested strategically in
public-private partnerships for research and development
(R&D) and in maintaining domestic production, aiming to
secure an edge in a highly competitive market.??!

Today, the global semiconductor market is more valuable
than ever, but the global supply chain has become
concentrated. Furthermore, the U.S. share of fabrication
has fallen to about 10 percent in 2020, although U.S. firms’
market share remains robust due to their dominance

in design and other key parts of the supply chain.??? As
noted in Chapter 2, this dependence on other nations

for fabrication raised major alarms during the Covid-19
pandemic, when chip shortages rendered many consumer
products unavailable or far more costly than usual. For
possibly the first time, consumers became aware of the
prevalence of chips in products from automobiles to

refrigerators. U.S. policymakers also awakened to U.S.
semiconductor dependence, particularly on Taiwan,
which supplies over 60 percent of global chips and more
than 90 percent of advanced chips.??® Taiwan’s position
is precarious: while it gains some protection from its
“silicon shield” as a major chips supplier, Taiwan remains
a geopolitical thorn in China’s side. Taiwan’s connection
to the world—and semiconductor consumers—could be
severed at any time by China.?>*

The Creating Helpful Incentives to Produce
Semiconductors Act of 2022 (also known as the CHIPS
and Science Act, but hereafter referred to in this chapter
as the CHIPS Act) is the United States’ effort to invest in
supply chain resilience. It aims to strengthen domestic
production to guard against future chip shocks and—
hopefully—limit China’s ability to threaten U.S. access
to semiconductors by addressing reliance on Taiwan
and other suppliers, while also boosting investments

in U.S. innovation and research. However, the act did
not include any provisions addressing mineral access,
leaving access to key minerals such as gallium and
germanium highly vulnerable.

THE PATH TO THE CHIPS ACT’S
PASSAGE

Following the pandemic supply chain shock, a number
of semiconductor bills were introduced, many of which
contained provisions that would eventually be passed in
the CHIPS Act. The key bill was the CHIPS for America
Act, introduced in the U.S. Senate on June 10, 2020, by
Senators John Cornyn (R-TX) and Mark Warner (D-

VA), along with a companion bill in the U.S. House of
Representatives from Reps. Doris Matsui (D-CA) and
Michael McCaul (R-TX).

But the CHIPS for America Act was not the only
legislative vehicle proposed to counter China by
strengthening domestic industries. Senators Charles
Schumer (D-NY) and Todd Young'’s (R-IN) Endless
Frontiers Act, introduced on May 21, 2020, aimed

to strengthen U.S. competitiveness in emerging
technologies through investment in research and
regional technology hubs. The Endless Frontiers Act was
subsequently replaced by the United States Innovation
and Competition Act (USICA), sponsored by Schumer
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and introduced on April 20, 2021. USICA quickly
ballooned from a bill targeting research investment to
amassive $250 billion bill intended to tackle China’s
rising power in emerging technologies across all of
government. Cornyn and Warner’s CHIPS for America
components were rolled into USICA, along with several
other competitiveness bills and programs authorized
by the FY 2020 National Defense Authorization Act
(NDAA). USICA passed the Senate in June 2021 with
bipartisan support, but House counterpart bills, which
included more progressive provisions, only passed
along party lines. Differences between the versions
passed by each chamber made reconciliation difficult,
but eventually both chambers passed a House bill
introduced by then Rep. Tim Ryan (D-OH) that had
been amended to include significant portions of USICA
along with key House demands on semiconductors,
climate, and competitiveness.??> The CHIPS Act of 2022
was signed into law on August 9, 2022, retaining a focus
on both science and research capacity and securing
semiconductor supply chain resilience.

Interestingly, despite the extensive list of provisions
and goals included in earlier versions, critical minerals
for semiconductors were not prioritized in the CHIPS
Act, nor mentioned in media coverage or press

releases as a priority for action. Securing U.S. access to
critical minerals had been a key objective for the U.S.
government, as seen in the Biden administration’s
February 2021 Executive Order on America’s Supply
Chains, which built on a September 2020 executive
order from the Trump administration. This called for
the secretary of defense to produce a report that would
identify risks in the critical minerals supply chain and
make specific policy recommendations.??® Other bills
passed in 2021, as outlined in other chapters of this
volume, prioritized access to critical minerals for electric
vehicles and renewable energy goals. The CHIPS Act did
not address this interesting gap.

KEY CHIPS ACT FUNDS
AND ACTIVITIES FOR
SEMICONDUCTORS

The CHIPS Act appropriated $52.7 billion in funding
for semiconductor-related activities through FY 2027,
distributed across four distinct funds targeting different

parts of the supply chain: the CHIPS for America

Fund, the CHIPS for America Defense Fund, the CHIPS
for America International Technology Security and
Innovation Fund, and the CHIPS for America Workforce
and Education Fund. These funds are appropriations

for a number of programs and activities authorized by
the FY 2021 NDAA, which had also been passed amid
congressional concerns around U.S. semiconductor
supply instability, as well as other activities.

The CHIPS for America Fund, through which the
majority of the appropriated funds will flow, provides
the Department of Commerce with $50 billion to
incentivize domestic manufacturing capabilities, R&D,
and workforce development. Of this total, $39 billion

is earmarked for a program to promote investment in
semiconductor fabrication, assembly, testing, advanced
packaging, and R&D.

The remaining $11 billion of the CHIPS for America
Fund is marked for R&D and workforce development
programs. Chief among these is the National
Semiconductor Technology Center (NSTC), which
focuses on the research and prototyping of advanced
semiconductor technology, including work on next-
generation materials.

Another program, the National Advanced Packaging
Manufacturing Program, is designed to enhance test,
assembly, and packaging capabilities in the United States
in coordination with the NSTC and the Manufacturing
USA institutes. Lastly, funding is allocated for a

National Institute of Standards and Technology (NIST)
R&D program, which focuses on next-generation
microelectronics, including materials characterization or
the study of the structure and properties of materials, an
essential component in understanding materials before
exploring their potential uses.

The CHIPS for America Defense Fund appropriates $2
billion for the Department of Defense to stand up the
National Network for Microelectronics Research and
Development, also known as the Microelectronics
Commons. The commons was created to support

the “lab-to-fab” transition of chip innovation from
academic development to commercial production and
to expand the United States’ edge on next-generation
semiconductor development, including innovation
in artificial intelligence, quantum technology, and
telecommunications.??’
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The CHIPS for America International Technology
Security and Innovation Fund (ITSI) appropriates

$100 million annually for five years to the Department
of State for coordination with foreign governments

on telecommunications, semiconductors, and other
emerging technologies.??® In a briefing following the
CHIPS Act’s passage, the State Department unveiled its
strategy for the ITSI fund, identifying “reliable access
to critical minerals such as cobalt, aluminum, arsenic,
copper, and rare earth elements” as one of its four
priorities. The State Department would work to “secur|e]
and diversifTy]” sources of these minerals across the
entire processing chain, from mining to recycling.??
However, with limited funds and three other priorities
to balance across vast industries, the fund’s impact on
critical minerals projects is unlikely to be significant.

The CHIPS for America Workforce and Education Fund
appropriates a total of $200 million for workforce
development activities administered by the National
Science Foundation (NSF). One part of that fund,
National Science Foundation for the Future, does not
explicitly focus on semiconductors but does touch

on critical mineral dependence. The NSF director is
tasked with supporting basic research “to advance
critical minerals mining strategies and technologies
for the purpose of making better use of domestic
resources and eliminating national reliance on
minerals and mineral materials that are subject to
supply disruptions.” Documentation on this fund also
highlights the role of the NSTC’s Critical Minerals
Subcommittee in strategizing and coordinating federal
efforts on critical minerals.?*

THE CHIPS ACT’S IMPACT
ON U.S. CRITICAL MINERALS
SUPPLY CHAINS

Although minerals are referenced in various sections of
the law, it is always as part of a list of desired outcomes
and activities. As such, the CHIPS Act has had limited
impact on critical minerals supply and access. However,
future funding requests from fund beneficiaries could
include projects that will either change domestic
capacity for mining, processing, or recycling critical
minerals or alter material needs for semiconductors.

The most identifiable direct impact comes as a result of
ITSI funding for the Minerals Security Partnership, which
convenes traditional allies such as the European Union as
well as mineral-rich nations in Latin America and Africa.?*!
This group has committed to environmental and social
standards for mining projects in countries willing to work
with the partnership, seeking to create less exploitative
arrangements than those offered by China.?*? Ideally,

this will lead to future resource agreements, reducing
reliance on Chinese minerals, though timelines are long.
As of March 2024, there are 23 confirmed projects across
various critical minerals and rare earth elements, including
gallium and germanium, but only two have reached key
implementation milestones.

Another program with a clear intention to address
critical minerals supply is the CHIPS for America
incentives for semiconductor materials and
manufacturing equipment facilities. The “Vision for
Success” document for this program explicitly identifies
reliance on China for upstream inputs like gallium as

a supply chain resilience issue it seeks to address.?*
However, minerals are not the only inputs targeted, and
the program’s focus on companies looking to establish
or expand their U.S. footprint may make it difficult for
minerals companies to compete for funds. It remains to
be seen whether minerals companies could—or would—
successfully compete for this opportunity.?3*

Other impacts on critical minerals seem largely
theoretical to date, although tracking funding disbursed
through numerous organizations and mechanisms is
challenging. The CHIPS for America Vision for Success
document on incentives for commercial fabrication
facilities stipulates that CHIPS funding applicants must
also attract associated suppliers, including “reliable”
material suppliers “committed to operating and
innovating in the United States.”?**> The document also
highlights fabrication companies’ use of new materials
with unique performance properties as a focus of the
theme of reducing costs.?* This focus has facilitated

the expansion and modernization of facilities like
GlobalFoundries’ 200 mm fab in Vermont, which enables
the production of next-generation gallium nitride (GaN)
chips—a win for domestic production of cutting-edge
semiconductors.?”” However, these chips still rely on
critical minerals, and it is unclear whether CHIPS Act
funding has spurred companies like GlobalFoundries

to identify or invest in new partnerships to source
minerals such as gallium.
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Similarly, it is difficult to tell what impact funding for
the Microelectronics Commons network could have on
minerals. The network recently issued its first round
of project awards but has released few details on what
these “lab-to-fab” projects are.?*® Information from

the Midwest Microelectronics Consortium, one of

the regional hubs receiving project awards, suggests
the projects are focused on prototypes that advance
packaging, processing, or other functionalities rather
than new materials, architectures, or techniques that
impact mineral reliance.?®* However, the Northeast
Microelectronics Coalition, another network hub,
announced having won an award for the transfer of
“High AlAl GaN from Lab to Fab,” indicating a potential
new development in aluminum gallium nitride use.?*
Otherwise, the network seems focused on other

areas of work, such as Al, quantum technology, and
electromagnetic warfare.

RECOMMENDATIONS FORA
STRONGER FUTURE

As legislative and executive branch action on critical
minerals has largely focused on minerals associated
with clean energy and electric vehicles, Congress should
specifically address the supply of semiconductor inputs.
Finding or creating domestic supply is no easy task, and
any impactful investment in mineral access will require
support for R&D to discover new refining methods,

new sources, and other creative solutions. China had
decades to subsidize and incentivize its domestic metals
industry to dominate gallium production; the United
States has much less time and faces greater limitations
in terms of what its people are willing to accept in

terms of economic and environmental costs.?*! To
address this challenge, the United States needs to focus
on two fronts: developing new methods for mineral
production, refinement, and recycling, and developing
new approaches for semiconductor fabrication. Both,
however, will take time.

These exigencies may serve as a necessary push for the
semiconductor industry to step into a new phase of
fabrication. Chipmakers are already concerned about
reaching the maximum transistor density allowable by
current two-dimensional production methods. Potential
three-dimensional methods, such as carbon nanotubes,

are seen by some as less viable due to higher costs and
manufacturing difficulties compared to easier 2-D
architectures.?*? While carbon nanotubes also depend
on another critical mineral, graphite, they have already
shown promise in various applications and could see
wider deployment if cheaper alternatives become less
viable—or there could be another production method
yet to gain attention and investment.?* Whether
through a known but novel production method or a yet-
to-be-industrialized one, the cost and time burden of
adopting next-generation chip architectures, materials,
or processes will only make business sense if current
methods or materials become more expensive or
unavailable.

Recycling

For Congress to effectively invest in identifying or
expanding sources of gallium and germanium, it should
prioritize incentivizing recycling and investing in
research to improve recycling processes in the United
States. The Department of Commerce’s incentives
program should be expanded to encourage private
sector investment in building recycling facilities, using
recycled materials, and exploring new methods of
recycling gallium and germanium.

Current research on gallium and germanium processing
from solid waste shows promise, with many researchers
searching for more efficient recycling methods. One
analysis of the field in early 2024 revealed several
underused sources: gallium can be sourced from

waste LEDs and dust from LED production, while
germanium is recoverable from the significant waste
generated by continuous technological upgrades, as
well as wastewater from processes like fiber-optic cable
production. Researchers are testing and evaluating
various recycling and extraction methods, some with
lower environmental impact, others with improved
efficiency, and some that enhance the ability to extract
multiple types of critical minerals from polymetallic
resources (resources containing more than one critical
mineral).?** Notably, much of this research appears to
be conducted by Chinese scientists and research teams,
funded by government and higher education grants. It
is vital that the United States directs research funding
toward this work, with an emphasis on environmental
standards and worker safety.
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Cleaner, Safer Extraction

Additionally, funds should be appropriated for the
NSTC and NIST to explicitly support research into
cleaner mining and processing methods for gallium
and germanium. For the Minerals Security Partnership
or other initiatives to scale up nonexploitative and
environmentally friendly mining to succeed, the United
States must lead in finding economically practical
methods that fulfill these objectives. While incentivizing
private companies to conduct this research is possible,
enabling higher-education institutions and other tech
research hubs to make these discoveries increases

the likelihood of broader benefits beyond a single
corporation. Currently, private companies typically use
proprietary practices for mineral processing, making it
difficult to understand the factors controlling recovery
and how processes could be improved.?* If funding is
appropriated for a private sector intervention, building
in incentives for companies to not only enhance these
practices but also share knowledge could be impactful.
As with the current CHIPS Act funding, receiving
these funds should be contingent on applicants’

plans to base their operations in the United States or

a friendly country and their commitment to positive
environmental and labor practices.

Building Chips with Next-Generation
Materials

Identifying the materials or combinations that will
facilitate the next breakthrough in chip technology is
along-term project. Several types of investments will
support the research needed to achieve this, but these
discoveries can often come from unexpected fields.
Beyond specific investments, the United States should
broadly invest in basic R&D, focusing on areas the
market may not fund but that, over time, could lead to
paradigm-shifting discoveries.

Within the CHIPS Act’s “family” of agencies and
projects, additional funding explicitly aimed at
identifying new materials or architectures using

more common materials would be impactful. CHIPS

for America’s Metrology Program is already funding
research on measurements—a key part of materials
characterization—but it received limited funding under
the CHIPS Act. Introducing an explicit research area
for materials or architectures to the Microelectronics
Commons would automatically encourage higher

education and commercial institutions across multiple
states to focus on this field while also emphasizing

the commercialization of any new discoveries. The
Microelectronics Commons offers the added benefit of
allowing institutions to contribute their expert insights,
replacing incomplete government guidance with
field-specific expertise. Additionally, allocating specific
funding for advanced materials research to NIST’s CHIPS
Act funding would provide fresh resources for the U.S.
government’s ongoing materials science efforts.

In the future, CHIPS Act-style funding should
incentivize companies to adopt new processes and
architectures that utilize novel materials. While market
pressures likely will drive the adoption of discoveries
that improve the efficiency of critical minerals use,
advancing the next generation of semiconductor
manufacturing will require government investment.
This includes funding research to discover new
materials, processes, or architectures and supporting the
lab-to-fab transition for these technologies.

CONCLUSION

To date, U.S. legislative action on critical minerals

has been tentative in addressing minerals relevant to
semiconductor production. The process of identifying
alternative sources for gallium and germanium will

be expensive, likely slow, and possibly painful, but it

is necessary to reduce the United States’ 100 percent
dependence on imports, particularly from China. The
United States must prioritize recycling of technological
waste and mining byproducts, invest in research for
more efficient extraction and recycling processes, and
work with companies already active in these industries.
Basic R&D investment will also be key to transitioning
from this period of uncertain and costly mineral

access to a leap forward into the next generation of
semiconductor fabrication and architecture—if such
advancements are indeed possible.
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Critical minerals are used
ubiquitously in commercial
and defense systems

and are therefore vitally
important to national and
economic security.

ritical minerals are used ubiquitously in commercial
and defense systems and are therefore vitally
important to national and economic security. On
February 24, 2021, President Joe Biden issued Executive
Order (EO) 14017, which called for a comprehensive
review of critical supply chains in key sectors—one
being critical minerals and other identified strategic
materials, including rare earth elements (REEs).>* The first
deliverable of the EO required four government agencies
to submit 100-day reports on four different sectors. The
Department of Defense (DOD) wrote and published the
report on critical minerals and strategic materials, with
input from multiple other agencies, on June 8, 2021.24

The second deliverable of the EO called for the DOD
and other agencies to write a one-year report on their
supply chains. The DOD’s report, Securing Defense-
Critical Supply Chains, was published in February
2022 .24 It identified five key focus areas that were at
high risk for the DOD, mostly due to adversarial foreign
dependence within those supply chains. Critical
minerals and strategic materials comprised one of the
five areas, and the one-year report provided an update
on the implementation of the recommendations from
the 100-day report.

The DOD’s Industrial Base Policy (IBP) office authored
both reports. That office also manages two investment
programs designed to mitigate shortfalls in the
defense industrial base: the Defense Production

Act (DPA) Title III program and the Industrial Base
Analysis and Sustainment (IBAS) program. Since the

publication of the EO 14017 one-year report, IBP has
used the report’s recommendations as a framework
for making investments with both programs. Many
of those investments are for onshoring capabilities
that the United States has lost or for leveraging the
capabilities of allies and partners.

The DOD’s IBP office also authored the report in
response to EO 13806, Assessing and Strengthening
the Manufacturing and Defense Industrial Base

and Supply Chain Resiliency of the United States,
published in September 2018, and the Annual
Industrial Capabilities Report to Congress, submitted
yearly.?*® Both reports also detailed the fragility of the
critical minerals supply chain; however, it was not
until the EO 14017 report that the IBP office purposely
aligned its investment programs for critical minerals
with that report’s recommendations. Additionally,
the DPA Title III base budget significantly increased
starting in FY 2021, allowing for increased
investments to be made.

The Defense Production Act of 1950 authorizes
the president to ensure the availability of U.S.
and Canadian industry for U.S. defense, essential
civilian, and homeland security requirements.
The DPA is required to be reauthorized every few
years, allowing Congress to make changes, such
as expanding it to include space activity in 1975
and designating energy as an essential material
good in 1980. Emergency preparedness during
natural disasters or emergencies was added in 1994,
and in 2003, the definition of national defense
was expanded to include “critical infrastructure
protection and restoration.”?*°

Currently, the DPA only has three active authorities
(although it has had more in the past): Title I, Title III,
and Title VIL

Title I is for defense priorities and allocations, and
includes provisions for the DOD to
prioritize federal contracts over all other orders;

control distribution of scarce materials within the
civilian economy;

« allocate scarce materials against federal or private
contracts; and

prevent hoarding of scarce materials.
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Figure 1: Defense Production Act Title Il Budget and Fundlng
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Title III is for expansion of productive capacity and
supply, which includes incentives for the DOD to
develop, maintain, modernize, and expand production
capacity for critical technologies via

+ loans and loan guarantees;

+  purchases and purchase commitments; and

- grants and subsidies.

Title VII is titled “General Provisions” and includes
authorities for the DOD to facilitate and participate in

+ antitrust immunity for industry, to develop and

implement national emergency preparedness plans;

and

+  Committee on Foreign Investment in the United
States (CFIUS) assessments.

DEFENSE PRODUCTION ACT
TITLE I

This section focuses exclusively on DPA Title IIL. Grants
and subsidies are the most common use of this title.
The three priority areas for DPA Title III investment are
(1) sustaining critical production, (2) commercializing
research and development efforts, and (3) scaling
emerging technologies.

DPA Title IIT has made investments in the United States
and Canada, which is considered a “domestic source” for
the purposes of the DPA. Canada has significant mining
and material processing capability and exports a variety
of strategic and critical materials to the United States.
251 The FY 2024 National Defense Authorization Act
gave DPA Title III the ability to consider Australia and
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the United Kingdom as domestic sources as well.?>? This
consideration could be critically important, as Australia is
rich in mineral resources and has vast deposits of a large
variety of critical minerals.?>3

Any investment made by DPA Title III requires the
president, on a nondelegable basis, to identify a
domestic industrial base shortfall as meeting three
specific criteria:

+  The industrial resource, material, or critical
technology item is essential to national defense.

+ Without presidential action under 50 U.S.C. §4533,
U.S. industry cannot reasonably be expected to
provide the capability for the needed industrial
resource, material, or critical technology item in a
timely manner.

«  Purchases, purchase commitments, or other
action pursuant to 50 U.S.C. §4533 are the most
cost-effective, expedient, and practical alternative
methods for meeting the need.

If these criteria are met, the DOD assembles a package
with justifying information and sends it to the White
House for approval. Once signed by the president,

it is known as a presidential determination (PD).

PDs are non-expiring, can be leveraged for different
projects addressing the same shortfalls, and vary in
breadth and scope depending upon the shortfall or
challenge addressed. PDs are not an appropriation

or funding mechanism, nor a mandate to address

a specific shortfall or pursue a specific course of
action. Examples of existing PDs related to critical
minerals include the “Defense Production Act Title

III Presidential Determination for Critical Materials
in Large-Capacity Batteries,” signed by President
Biden on March 31, 2022, and five PDs for REEs,
signed on July 22, 2019—two for separation and
processing capability (light and heavy), one for metal
and alloy processing capability, and two for rare earth
permanent magnets production (samarium cobalt and
neodymium iron boron ).?%*

Interestingly, the same criteria necessary to obtain
a PD explain why DPA Title III is an important
mechanism for investing in critical minerals supply
chains. DPA Title III funds are not to be used if other
funding, for example, private investment or funding
from other agencies, can be secured. The private
sector is reluctant to make investments in critical

minerals projects due to market price volatility for
these materials. With China controlling most of the
market and market pricing, many domestic and allied
sources have been driven out of business—not exactly
an attractive business case for private investors.?>
While the Department of Energy (DOE) has been
making significant investments in this sector, it has
been focusing on areas that align with its mission,

as outlined in their vision statement: supporting
“clean energy transition and decarbonization of the
energy, manufacturing, and transportation economies,
while promoting safe, sustainable, economic, and
environmentally just solutions.”?*® This leads to
investments in projects for alternate designs that
require no critical materials, more efficient and
environmentally friendly mining, and reclaiming
minerals through recycling. While the DOD is in

favor of and has also been investing in these types of
projects, many of the critical minerals necessary for
national security applications must still be mined and
processed using traditional methods, so the DOD is
making those investments using DPA Title III.

Typically, funding is appropriated into the DPA Title
III account annually, without specification on how

it is to be spent, although Congress must be notified
of planned expenditures. However, in the past few
years, there has been an increased interest in the DPA
from the executive and legislative branches and other
government agencies, who are increasingly viewing
DPA authorities as valuable tools to be leveraged
against urgent, critical issues. For instance, in FY
2022, the DPA was appropriated $600 million by the
Additional Ukraine Supplemental Appropriations Act,
part of which included expanded domestic capacity for
strategic and critical minerals.?” Additionally, in FY
2022, the Inflation Reduction Act appropriated $500
million for enhanced use of the DPA. The funds were
split equally between the DOE and DOD, with $250
million provided to the DOD to be applied to expanding
capabilities for domestic mining, mineral processing,
and related industrial sectors for large-capacity
batteries.?*®

DPA Title III typically has a requirement for cost
sharing from the companies receiving an award. The
expectation is 50 percent of the total investment, but
can be less depending on various factors, such as a
company'’s ability to fund the total cost-share amount.
Some smaller companies, such as small businesses and
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startups, do not have the cash flow available to fund a 50
percent cost share, and in those cases, DPA Title IIIl may
absorb a larger percentage of the total cost of the project.
However, such instances may result in less DPA Title III
funding available to make other investments.

The program also seeks to ensure that any investment
it makes will lead to a sustainable capability not
requiring further DPA Title III funding. One way to do
this is with the seldom-used authority of purchases
and purchase commitments. This allows the DOD to
purchase or commit to purchasing a certain amount
of a company’s output over a set time period to ensure
it can sustain the capability until market demand is
sufficient to do so. This guaranteed demand also gives
industry the confidence it needs to make its own
investments. Purchases and purchase commitments
were more easily executed previously because DPA
Title III funds were appropriated as “no-year money,”
meaning the funds never expired; however, during
the past three years, Congress has appropriated those
funds as standard procurement, which expire in two
years, making these longer-term commitments nearly
impossible. This change was due to some members’
concerns over timely execution rates; however,

these concerns were unfounded, as the DPA Title III
program executed $850 million of its $968 million
budget in FY 2024.%%°

In order to offset some of the additional costs to the
DPA Title III program and to help increase the demand
for the newly developed capabilities, the program

has recently developed its Pathfinders program,

which “takes a revolutionary approach, focused

on harnessing private capital and market forces to
serve as a massive force multiplier to government
investment.”?®® The Defense Business Accelerator (DBX)
program rapidly scales emerging technologies from the
defense industry as well as DOD labs by leveraging the
commercial market to accelerate production at scale.
According to the DOD, “Since it was announced last fall,
companies that received DBX awards are reporting they
have received an additional $46.6 million in private
capital, largely due to the spark provided by the initial
$9.6 million DBX investment.”?** The Defense Market
Catalyst (DMC) program is a public-private partnership
(PPP) that stimulates trusted private capital for
defense-oriented small businesses seeking to rapidly
scale their operations to meet defense market needs.
This capital infusion may also help those companies

meet their cost-share obligations. And the Scaling
Capacity & Accelerating Local Enterprises (SCALE)
project looks at emerging technology through the
lens of supply chain gaps, generating market pull and
building PPPs to grow resilient domestic businesses.

INDUSTRIAL BASE ANALYSIS
AND SUSTAINMENT PROGRAM

The Industrial Base Analysis and Sustainment (IBAS)
program (10 U.S. Code §4817 established the Industrial
Base Fund) was established in 2011 and has the
following authorities:

+  tosupport the monitoring and assessment of the
industrial base

+  toaddress critical issues in the industrial base
relating to urgent operational needs

+  to support efforts to expand the industrial base

+  to address supply chain vulnerabilities

The only changes to the authority have been
administrative in nature, such as amending

the language to reflect the change from the
“undersecretary of defense for acquisition,
technology, and logistics” to the “undersecretary of
defense for acquisition and sustainment.” Congress
does not prescribe how the base funding for the IBAS
program (roughly $11 million in FY 2024) is to be
spent; however, in the past several years, Congress
has added a large amount of funding (around $1
billion in FY 2024) for specific industrial investment
areas, for example, $175,692 for critical minerals in
FY 2024. The IBAS program has always had the ability
to and has made investments in all of the National
Technology Industrial Base countries—Australia,
Canada, and the United Kingdom.

Both the DPA Title III and IBAS programs have been
making multiple investments in the critical minerals
sector and have been investing in upstream and
downstream capabilities to build and secure domestic
critical minerals supply chains.?®? Table 1 shows all the
critical minerals investments that have been made
during the Biden administration.

Investments have been made in a multitude of
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Table 1: DPA Title Il and IBAS Critical Minerals and Materials Investments (2021-24)

Awardin
_ Company toeation
Program

Establish Comprehensive Domestic Tin Processing
for National Hardware

Develop and Expand Production of Terbium Oxide

from Recycled Fluorescent Light Bulbs DPA
Critical Minerals Workforce Development Project DPA
Ontario Cobalt Sulfate Refinery Project DPA

Accelerated Development of the Thacker Pass Project ~ DPA

Accelerated Access to Domestic Manganese Ore for

Advanced Materials Assessment Project DPA
Expanding Domestic Capacity and Production of DPA
Cobalt for the Battery Supply Chain
Expansion of Domestic Production Capability and DPA
Capacity of Natural Flake Graphite, La Loutre
Expansion of Domestic Production Capability of DPA
Nickel and Cobalt
Upcycle Waste & Scrap to Prime Units for Critical

. DPA
Materials
Ceylon Graphite Project Bankable Feasibility Study DPA
Titanium Processing Plant DPA
Domestic Rare Earth Permanent Magnet DPA
Manufacturing Capability
Domestic Mining and Production of Lithium DPA
Advance Nickel Exploration and Mineral Resource DPA
Definition of the Tamarack Intrusive Complex
Light Rare Earth Separation and Processing IBAS
Developing a Domestic Advanced Graphite Supply DPA
Chain Solution Through the Graphite Creek Resource
Feasibility Studies to Expand Cobalt Extraction DPA
High Purity Aluminum Capacity Expansion DPA
Rare Earth Element Separation Technology IBAS
Capabilities Prototype Project
Rare Earth Extraction from Acid Mine Drainage IBAS
Heavy Rare Earth Separation and Processing IBAS
Heavy Rare Earth Separation and Processing IBAS
Rare Earth Elements Separation and Processing DPA

Nathan Trotter & Co., Inc.

Rare Earth Salts

Montana Technological
University

Electra Battery Materials
Corporation

Lithium Nevada

South32 Hermosa

Fortune Minerals Limited

Lomiko Metals Inc.

The Doe Run Company

6K Additive, LLC54

South Star Battery Metals Corp

IperionX Limited

e-VAC Magnetics, LLC

Albemarle Corporation

Talon Nickel (USA)

Lynas USA, LLC

Graphite One (Alaska)

Jervois Mining USA

Arconic Corp

Innovation Metals Corp.

West Virginia University

Lynas USA, LLC

MP Materials Corp

Lynas USA, LLC

NE

MT

CAN

NV

AZ

CAN

CAN

MO

PA

CAN

NC

SC

NC

Ml

X

AK

CAN

Wv

X

CA

X

Source: Data from Aissa Tovar, deputy director, DPA Title III, Office of the Secretary of Defense, Industrial Base Policy.

Awarded
($, millions)

4.2

20.0

11.8

20.0

CAN

8.4

7.0

2838

3.2

12.7

94.1

90.0

20.6

138.0

37.5

15.0

45.5

4.0

3.0

120.0

35.0

30.4

Date

Awarded
Sep. 2024
Sep. 2024

Aug. 2024

Aug. 2024
Aug. 2024

May 2024
May 2024
May 2024
Mar 2024
Dec. 2023
Nov. 2023
Oct. 2023

Sep. 2023
Sep. 2023

Sep. 2023
Aug. 2023

Jul. 2023
Jun. 2023
Jun. 2023
Jun. 2023
Jun. 2023
Jun. 2022
Feb. 2022

Jan. 2021
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different critical minerals, including both light

and heavy REEs, aluminum, cobalt, nickel, lithium,
graphite, titanium, manganese, and terbium oxide.
Projects range from mining (cobalt, manganese ore,
and lithium) to REE separation and magnet making
(NdFeB). They also include production of titanium, of
which the DOD gets 95 percent from non-domestic
sources, including Russia, and production of
aluminum, both of which are used in the production
of aircraft, ships, and submarines. There is also an
investment in Chinese export-restricted graphite.
Additionally, there are several recycling projects,
including extracting REEs from acid mine drainage
and production of terbium oxide from recycled
fluorescent light bulbs. There is even a workforce
development project that was awarded in August
2024. While these projects span a wide breadth of the
critical minerals landscape, there are still some gaps.
For instance, there are no investments in samarium
cobalt magnets or for gallium or germanium, for

which China recently restricted exports. This may be
due to a lack of funding, as DPA Title III must fund

many different industrial base sector shortfalls.

Figures 2 and 3 show the road maps for combined
DPA Title IIT and IBAS current and future investments
for strategic and critical materials and batteries,

both of which contain projects for critical minerals.
There continue to be investments in REE projects.
Investments are also being made in niobium and
tungsten, materials that go into refractory metals
and superalloys and are used for components such as
turbine engine blades and penetrators. Additionally,
there are now projects for germanium and gallium, as
well as additional recycling and workforce projects.
Mining and refining of the main elements used in
battery production—nickel, cobalt, lithium, and
manganese—continue to be the focus.

Figure 2: Current and Future DPA Title Il and IBAS Strategic and Critical Materials Investments

MCEIP Critical & Strategic Materials Roadmap
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Distribution Statement A: Approved for public release. Distribution is unlimited.

Updated 1 August 24

Source: “Manufacturing Capability Expansion and Investment Prioritization (MCEIP) Investment Roadmaps,” Office of the Assistant Secretary of Defense
for Industrial Base Policy, updated August 1, 2024, https://ndia.dtic.mil/wp-content/uploads/2024/eti/Tovar.pdf.
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Figure 3: Current and Future DPA Title Ill and IBAS Energy Storage and Batteries Investments

MCEIP Energy Storage and Batteries Roadmap

DPAI Awarded Efforts:
ICAM Awarded Efforts:

Jervois Mining Cobalt
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for Industrial Base Policy, updated August 1, 2024, https://ndia.dtic.mil/wp-content/uploads/2024/eti/Tovar.pdf.

RECOMMENDATIONS

While the DOD has made significant investments—
totaling $781 million—in the critical minerals sector
to onshore or friend-shore capabilities and reduce U.S.
dependencies on adversarial sourcing during the Biden
administration, there is still much to be done. It has
taken decades for these capabilities to atrophy, and it
will take many years and many more millions of dollars
to rebuild them. More investment dollars are needed,
especially if the government’s predicted timeline (by
roughly 2027) for Chinese readiness for a potential
invasion of Taiwan is to be believed.?® If the United
States were to come to Taiwan’s aid, it is unlikely that
China would continue to provide the country with
critical minerals. Therefore, the capability for critical
minerals production must be rebuilt quickly, before it
is too late.

In addition, the DPA Title III budget is used to address a
multitude of industrial base shortfalls, not just critical
minerals. Even though the total budget may seem large,

the amount available for critical minerals is not enough
to address the considerable gap that exists.

Increased appropriations for both the DPA Title III and
IBAS programs would allow for greater investments in
critical minerals. The DPA Title III base budget increased
from $373 million in FY 2023 to $588 million in FY
2024, but the program demonstrated it could execute
much more ($850 million). Appropriating a base budget
for DPA Title I1I that is at least $750 million to $1 billion
would give the program the flexibility to invest more

in critical minerals while maintaining or increasing
investments in other important sectors. The IBAS
program has consistently shown it can execute annual
budgets at or near $1 billion, so appropriating a base
budget in that range would help ensure consistency for
critical minerals investments, rather than relying on
inconsistent congressional additions.

There are several other recommendations that would
help improve the ability of the DPA Title III program to
impact the critical minerals landscape:
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+ Delegate authority for approval of PDs to
the secretary of defense. Currently, it takes
approximately one year to staff the PD package
and obtain the president’s signature. This timeline
needs to be shortened to allow for more responsive
industrial base investments. The secretary of
defense is well positioned to understand the
national security implications of the threat and can
confer with the heads of other departments and
agencies who may have equities, prior to signing a
designation for the use of DPA Title III authorities
for a particular critical minerals industrial base
shortfall.

«  Make greater use of purchases and purchase
commitments. As mentioned earlier, purchases
and purchase commitments will help sustain the
capabilities that have received investments and
provide industry with the demand signal and
business case to make their own investments.
Greater utilization of this authority will rely on two
factors: an increased budget and a return to non-
expiring funding being appropriated by Congress.

+ Increase investments in the workforce. The
workforce shortage is one of the key issues in all
sectors of the industrial base, as was highlighted
in the DOD’s EO 14017 report. The IBAS program
has been making investments in the workforce
for several years, but the DPA Title III program
has traditionally not made such investments,
primarily due to a smaller overall budget. The
IBAS program has been very successful with its
National Imperative for Industrial Skills (NIIS)
initiative, which facilitates multiple approaches to
recruit, train, hire, and retain skilled workers. The
NIIS initiative recognizes the interplay of K-12
and post-secondary education and training tracks.
The key principles of the program are (1) active,
sustained partnering with industry, academia,
military departments, federal agencies, and state
governments; and (2) creating regionally focused
activities targeting capacity where skills are most
needed (e.g., regional submarine industrial base
efforts intensified and scaled in New England
and Virginia). Additional funding would enable
both programs to support additional workforce
development efforts in key sectors, such as critical
minerals.

+ Continue to leverage private equity and venture
capital. Private capital will multiply the impact of
DPA Title III funding and assist small companies
that lack the cash flow to fund cost share for
awards. It will also mean DPA Title III does not
have to absorb the extra cost, allowing those
funds to be allocated to other projects.

« Continue to work with commercial industry to
generate market pull and demand. The DOD’s
demand in this sector is very small, so it is
vital that commercial industry helps generate
part of the demand signal to develop resilient
and sustainable domestic supply chains. For
instance, the automotive industry also uses rare
earth magnets in electric motors and sensors, as
well as lithium batteries in electric vehicles.?**
Other critical commercial technologies, such
as cell phones, are equally dependent on these
materials.?%> While commercial industries may
not view dependency on China from a national
security perspective, they should be concerned
from an economic security and liability
perspective. In such cases, the DOD should
continue to work with these industries to help
provide the necessary demand signal to sustain a
domestic capability for these materials.

The DOD recognizes the importance of critical minerals
to national security. These minerals are present in
nearly all the weapons systems and platforms the

DOD purchases and uses. Although the department’s
demand is small compared to the commercial sector,
the criticality of these materials drives it to make
investments to ensure a secure supply. The investment
strategy is derived from recommendations in the
DOD’s report in response to EO 14017, which identified
strategic and critical materials as one of the five key
focus areas at risk for the DOD.

The DPA Title IIT and the IBAS programs, both led by
DOD’s IBP office, have made and continue to make
investments in the critical minerals industrial base.
The IBP office is also coordinating with and leveraging
investments made by other U.S. agencies (e.g., the
DOE) as well as allies and partners (e.g., Canada and
Australia). Beyond increased funding, the additional
recommendations outlined in this chapter would help
strengthen the DOD’s ability to secure the critical
minerals supply chain.
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The MSP has successfully

seeded the importance

of mineral security in the

global resource discourse.

nternational cooperation is one of the key pillars

of the U.S. government strategy to help address

vulnerabilities in the nation’s supply chains for
critical minerals.?® In this context, the Minerals
Security Partnership (MSP) is one major diplomatic
initiative that specifically focuses on this issue. The
MSP has successfully seeded the importance of mineral
security in the global resource discourse, elevated
critical minerals as a focus of U.S. resource diplomacy,
and mobilized a coalition of market democracies to
diversify global mineral supply chains. With several
modifications, the MSP—as well as U.S. leadership
through it—has the potential for a more dynamic, long-
term, and durable presence.

MEMBERSHIP AND
OBJECTIVES

Announced at the Prospectors and Developers
Association of Canada (PDAC) convention in Toronto
inJune 2022, the MSP has seen its number of partners
grow from 10 countries plus the European Union to 14
countries plus the European Union in the two years
since its inception.?’” Some partners are global leaders
in advanced technology manufacturing that are highly
import dependent on component minerals, while others
are mineral-rich advanced economies. A common
thread appears to be the desire to see the global supply
chains for critical minerals become more diversified and
resilient to disruptions.

The MSP focuses on the full value chains—from mining to
recycling—for minerals and metals that are “most relevant
for clean energy technologies,” such as lithium, cobalt,
nickel, manganese, graphite, rare earth elements (REEs),
and copper. In its own words, the MSP addresses four
areas of major critical minerals challenges:

1. Diversifying and stabilizing global supply chains;
2. Investment in those supply chains;

3. Promoting high environmental, social, and
governance standards in the mining, processing,
and recycling sectors; and

4. Increasing recycling of critical minerals.?6®

In engaging mineral-rich third countries, the MSP is
committed to ensuring that “minerals are produced,
processed, and recycled in a way that helps countries
realize the full economic benefits of their resources.”?*
In fact, environmental, social, and governance (ESG)
considerations are the defining value proposition to
mineral-rich countries, as exemplified by repeated
emphasis on these issues in press releases and remarks
by MSP leadership.?”° The partnership positions itself

as a global advocate for high ESG standards and a
promoter of benefiting host localities. As such, resource-
rich countries seeking MSP support are expected to
demonstrate transparency around bidding processes and
the engagement of local communities, while MSP partner
countries and their firms are expected to adhere to high
ESG standards.?”

The initiative has emphasized the role of private
investment and the importance of transparency in
making global mineral supply chains more diversified,
robust, and resilient. While the global mining industry
has a few leading companies (commonly known as
“mining majors”) from market economies—such

as Australia, the European Union, and the United
Kingdom—the global supply chains for minerals for
the energy transition are currently dominated by
Chinese companies, whose ascent was facilitated by
government support.”’2 MSP leaders likely judged—
correctly—that reducing China’s preeminence would
require private capital to augment the budgetary
stream from its partner countries.

Prospective projects, submitted by MSP partners and
driven by their companies, are not geographically limited
to partner jurisdictions. Proposals are screened and then
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further evaluated by the project working group based on
the investment climate, the need for the mineral, and the
potential for investment.?’® The MSP supports selected
projects by amplifying their efforts to attract investment
and secure financing in various forms, including by offering
political support, technical guidance, loans, political risk
insurance, or financing through export promotion banks or
export credit agencies.

MAJOR DEVELOPMENTS AND
ACHIEVEMENTS

As of September 2024, the MSP has begun supporting
about 30 projects: 16 on upstream mining and mineral
extraction, 7 on midstream processing, and 7 on
recycling and recovery.?’* These projects collectively
source cobalt, copper, gallium, germanium, graphite,
lithium, manganese, nickel, and REEs from around the
world, including at least 13 projects in Africa, 6 in the
Americas, 5 in Europe, and 3 in the Asia-Pacific.?”®

No single, official repository of MSP projects—including
project terms and progresses—seems to exist in the
public domain, but support has come in various forms.
U.S. contributions through the MSP have included a $3.4
million technical assistance grant by the U.S. International
Development Finance Corporation (DFC) for Pensana
Rare Earths in Angola, a nonbinding DFC letter expressing
potential loan provisions for Kabanga Nickel in Tanzania,
and a nonbinding letter of interest by the Export-Import
Bank of the United States (U.S. EXIM) for potential

debt financing of up to $600 million toward the REE-
focused Dubbo Project in Australia.?’® Other MSP partner
support has included the arrangement of a $105 million
debt facility by the German KfW IPEX-Bank toward a
graphite project in Tanzania, as well as a mineral-related
coordination framework between Congolese commodity-
trading and mining company La Générale des Carriéres

et des Mines (Gécamines) and the government-affiliated
Japan Organization for Metals and Energy Security
(JOGMEC) that aims to advance coordination in mineral
exploration, production, and processing.?”’

A major institutional development was the April 2024
establishment of the MSP Forum, which was set up

to “deepen and cement the MSP’s partnership with
mineral-producing countries.” Cochaired by the United

States and European Union, the MSP Forum has two
work streams, one focusing on project development
and the other on policy dialogues.?’® Operationally, the
project component will be led by the United States,
and its scope “may include project information sharing
among MSP partners, Forum members, and the private
sector,” as well as technical collaboration. The policy
dialogue component, led by the European Union, might
cover sustainable production, boosting local capacities,
regulatory cooperation, application of high ESG
standards, and effective recycling.?”

Essentially, the forum has expanded the MSP’s operational
scope beyond identifying and supporting projects—likely
in an effort to dispel the perception that MSP engagement
is a new form of resource colonialism by advanced
industrialized economies to exploit mineral-rich countries
to fuel their industrial needs. While the forum likely helps
increase the quality of communications between the MSP
partners and forum members (i.e., mineral-rich, non-
partner countries), membership does not seem to afford
access—automatic or direct—to financial or technical
assistance from the MSP, including access to benefits
under the provisions of the U.S. Inflation Reduction Act.
It remains to be seen whether the forum will effectively
advance confidence building between the MSP partner
countries and MSP Forum members.

More recently, in September 2024, development finance
institutions and export credit agencies of the MSP
partner governments established the MSP Finance
Network. Aiming to “strengthen cooperation and
promote information exchange and co-financing,” the
network includes nearly 30 participating institutions,
including the DFC and U.S. EXIM.?® This long-warranted
development could enhance the scope and depth of MSP
support, especially through the successful facilitation of
cofinancing by multiple public and private institutions
from MSP partner countries.

CHALLENGES IN ADVANCING
MSP GOALS

While the MSP has furthered collective efforts to
diversify global supply chains for minerals and metals
that are important for the energy transition, several
challenges have become evident.
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Clarity of Purpose

Putting forward ESG as the MSP’s preeminent value
proposition likely stems from the desire of this U.S.-
led group of advanced industrialized democracies to
distinguish its global minerals activities from those of
China. In fact, Chinese-owned mining projects in the
Global South have increasingly become subject to ESG
scrutiny, as civil society has reported and analyzed.?®
For example, the Business and Human Rights Resource
Centre, a corporate watchdog, identified 102 alleged
abuses—both human rights and environmental
violations linked to Chinese companies’ mining
operations overseas, spanning 18 countries—from
January 2021 to December 2022.282

However, even though the MSP seeks to actively
“advocate” for high ESG standards—which form its core
principles and shape the key criteria in mineral project
selection, including the vetting of host countries and
investor companies—the MSP has limited operational
latitude on this front. The partnership is not set up to
formulate its own set of standards or enforce a single

set of standards for minerals production, processing, or
recycling.” Instead, it defers to each partner country

to apply and enforce its own standards, hoping to strike
a delicate balance between respecting the judicial
sovereignty of its individual partners and advancing ESG
goals. While such pragmatism likely accords flexibility to
MSP operations and agility to its inner workings, it may
be obscuring the precise value proposition of the MSP.

It is difficult to ascertain whether—and to what
extent—the application of high ESG standards might
have limited the number of MSP projects approved or
slowed the pace of project selection. Meeting ESG goals
entails a long-term commitment that has not come
easily even in advanced industrialized democracies.
For example, the 2010 Dodd-Frank Wall Street Reform
and Consumer Protection Act set the stage for financial
disclosure under the auspices of the Securities and
Exchange Commission (SEC) related to conflict
minerals. However, the SEC has stopped enforcing
actions against noncompliant companies as of 2017.2%*
Therefore, the MSP might reassess the degree to which
the application of high ESG standards should dictate
its activities. The combination of the robust growth
outlook for critical minerals demand and the extreme
geographical concentration of mining and processing
capacities generates an unprecedented sense of urgency

in diversifying and expanding mineral supplies and
supply chains. While few would likely dispute the
importance of ESG concerns, there appears to be merit
in recalibrating how ESG standards interact with the
MSP’s objective of “diversifying and stabilizing global
supply chains” for critical minerals.?s

Financial Support

The other major challenge for U.S. engagement with the
MSP concerns financing. The primary tool for the U.S.
government to unlock private capital for development
needs is the DFC, which was created through the Better
Utilization of Investments Leading to Development
(BUILD) Act 0f 2018.%%¢ The DFC can use direct loans
and loan guarantees, political risk insurance and
reinsurance, equity investment, feasibility studies, and
technical assistance to support private investments in
low- and lower-middle-income countries.?®’ It can also
support activities in upper-middle-income countries
“if such support is certified to have U.S. economic or
foreign policy interests at stake and is designed for
development impact.”?

However, there is a misalignment between where the
mineral resources are and the income classification of
the host countries. Many prospective projects that could
unlock additional supplies of critical minerals are in
countries that are not in low- or lower-middle-income
categories, including Australia (which has 28 percent of
the global reserves of lithium and 21 percent of nickel),
Brazil (which has 22 percent of graphite and 16 percent
of nickel), Chile (which has 36 percent of lithium), and
Indonesia (which has 21 percent of nickel).?® Yet both
Brazil and Indonesia are upper-middle-income countries,
while Australia and Chile are high-income countries,
based on World Bank classifications.

The DFC has a variety of tools to facilitate private
investments in not only minerals production projects,
but also infrastructure projects (e.g., roads and ports)
that support the extractive sector (e.g., mining,
quarrying, and oil and gas extraction). However, DFC
support for extractive projects has been extremely
limited. Only 14 of the 1,345 projects supported by the
DFC and its predecessor agencies since 1999 are in the
extractive sector. The pace is picking up, however. Nine
of these fourteen projects have been approved since
2020, including six that are related to minerals and
metals.?°
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The type of support for the six projects varies from
technical assistance to equity investments, but the
equity investment has been limited to two projects to
date. The $105 million of equity is ring-fenced to two of
TechMet’s projects—an REE recovery project in South
Africa and a nickel and cobalt project in Brazil.>** The
DFC has given a $150 million loan to Twigg Exploration
and Mining for graphite mining and processing
operations in Mozambique.?*? If the United States is to
lead in strengthening and diversifying the global supply
chains for critical minerals away from China, greater
DFC support for minerals projects will be essential.

RECOMMENDATIONS

The MSP is a major multilateral platform in which

the U.S. government has invested a considerable
amount of diplomatic capital. Several areas are ripe
for improvement and modifications, however, and the
United States should pursue the following actions:

« Extend the MSP’s scope to include technical
assistance. The MSP plays a valuable coordinating
role by bringing together key stakeholders and
helping to identify and support minerals projects.
One area in which the partnership could expand
its support is technical assistance to MSP Forum
members, especially in the form of geological surveys
and resource mapping. Many mineral resources
remain unmapped or under-mapped. For example,
the absence of a systematic geological survey is one
impediment to unlocking Africa’s mineral resource
potential.? In contrast to surveys conducted by an
individual developer, even if it were from an MSP
partner country, such mapping could become a
communal asset that helps unlock private capital and
could aid junior mining companies whose financial
resources are more limited.

« Better align DFC parameters with MSP
objectives. The following adjustments and
modifications would make the DFC better
equipped to aid the United States’ role in the MSP,
in turn empowering the partnership and granting
it more operational flexibility.

« Remove the certification requirement for
upper-middle-income countries for projects

that contribute to critical minerals value
chains. Critical minerals projects, ranging from
extraction to recycling, have “U.S. economic

or foreign policy interests” by nature, given

the importance and urgency of supply chain
diversification.?”* This modification would not
negate the importance of screening proposed
projects for compliance with other DFC
policies but could help redress the existing
misalignment between where needed minerals
are and the income classification of host
countries.

« Relax the restriction against support to a
majority state-owned or state-controlled
entity. DFC financing is presently geared toward
private sector endeavors in the developing
world.?> However, restricting this support to
companies that are mostly privately owned
or controlled hinders the DFC'’s ability to
engage key entities in the mining sector. For
example, Gécamines, whose commanding
ownership of cobalt and copper in Africa
has made its coordination agreement with
JOGMEC a highlight of recent MSP endeavors,
is a state-controlled mining company. In some
undertapped mineral-rich countries, the
resources are wholly owned or controlled by
the state. While reasons vary depending on
the country and mineral, the state ownership
of minerals can be a result of the process of
nationalization that occurred in connection
with the decolonialization of developing
countries.?®® Permitting DFC support for
state-owned entities could help enhance the
institution’s operational reach in a sector where
the distinction between public and private
may not be highly relevant—especially given
the historical complexity regarding mineral
ownership and the very notion of equity that
the MSP Forum seeks to advance.

Begin considering a state financing tool that is
not tied to an overseas development mandate.
While the above modifications merit serious
consideration as Congress focuses on DFC
reauthorization in 2025, it is also worth exploring
if they merit establishing an institutional
capacity similar to that of JOGMEC. Affiliated
with Japan’s Ministry of Economy, Trade, and
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Industry (METI), JOGMEC has the authority to
make strategic investments abroad to enhance
Japan’s energy security.?”’ Free of restrictions

on state ownership or control and income
classification, JOGMEC support in the minerals
sector around the world has included subsidies to
54 exploration projects, investment and loans to
23 exploration projects (including joint interest
acquisition with Japanese companies), and loan
guarantees to 8 mine development projects.?*
The most notable accomplishment is JOGMEC’s
strategic investment in Australia—a high-income
country outside the DFC support scope—in the
aftermath of the 2010 Chinese embargo on REE
exports to Japan. The $250 million loan and equity
deal to Lynas helped diversify Japan’s REE supply
sources while also saving the company from
bankruptcy.?®® Lynas now produces 12 percent of
the world’s rare earth oxides and meets one-third
of Japan’s overall REE supply needs.’®

CONCLUSION

The Minerals Security Partnership illustrates the
collective desire of partner countries to counter China’s
dominance of global mineral supply chains. Whether
the MSP can successfully turn this desire into collective
support for economically viable and politically durable
projects has significant implications for the pace of
diversifying global supply chains and strengthening
U.S. mineral security. Modifications to the MSP and DFC
could put a new U.S. administration in a better position
to succeed in addressing these pressing challenges.



SECTION 3

Addressing Challenges and
Outstanding Questionsin the
Critical Minerals Industry
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In recent years, both
Democratic and Republican
presidents and bipartisan
members of Congress have
increasingly expressed

the need to streamline
permitting for new

mine projects that are
environmentally and
socially responsible.

ith domestic mineral demand forecasted

to soar due to America’s burgeoning re-

industrialization and overseas mineral
supplies imperiled by jurisdictional and shipping risks,
members of the U.S. executive branch and Congress
increasingly support a modernized permitting system
that facilitates the development of domestic mining
projects. They also generally back high permitting
standards for safety, health, labor, emissions, and
the environment, as well as Tribal consultation and
community engagement. This emerging bipartisan
consensus presents an opportunity for federal
agencies to update rules and for Congress to pass
laws streamlining permitting for new mines that are
environmentally and socially responsible.

This chapter addresses the federal permitting process
for new U.S. mines that extract hardrock minerals
such as copper and nickel. It focuses predominantly
on permitting for mine development—that is, building
the mine—rather than exploration, production,

or reclamation because permitting for mine
development is more extensive than permitting for
exploration and must also consider production and
reclamation. This chapter first provides a historical
overview of mine permitting in the United States
before describing the current system of mine
permitting. The final section recommends actions to
the president and Congress to streamline permitting
for domestic sustainable mining.

HISTORICAL OVERVIEW

The history of mine permitting in the United States

can be categorized into three parts: mining expansion,
mining efficiency, and environmental protection. For
nearly its first hundred years of existence, the U.S.
government—Dboth the executive branch and Congress—
deferred on establishing a general mining law or code.>”!
U.S. courts mainly applied English laws and decisions
when mining issues emerged, which rarely occurred.>”?
However, the U.S. government’s acquisition of mineral-
rich western territories and the resulting legal questions
necessitated concrete U.S. laws and regulations.*® The
U.S. government initially sought to generate revenue by
leasing certain lands for mineral development, including
lead and copper mines, but the system largely failed.3*

Then in 1866, the federal government enacted a law
declaring that federal public lands with minerals are
“free and open to exploration” by U.S. citizens and those
intending to become citizens, in alignment with “the
local customs or rules of miners in the several mining
districts.”*® Amendments to this law were enacted in
1870, and the Mining Act of 1872 ultimately clarified the
process for individuals to explore public lands and, upon
making a mineral discovery, to acquire mineral rights
and develop mineral claims.?% Given the prevailing
national interest to incentivize mineral development,
there were low federal fees and no federal royalties for
mining on these lands.?"”

Thus, English common law usually applied to mineral
development on the private lands east of the Missouri
River, while the mining laws of 1866, 1870, and 1872
generally pertained to mineral development in the
public lands west of the river.>*® These mining laws
indeed proved successful in expanding U.S. mineral
production.’® (See the timeline at end of the chapter
for a record of major U.S. federal laws affecting
hardrock mining.)

The UL.S. government tied the national welfare to the
continued productivity of the mining industry, so amid
declining ore grades in the 1910s, its attitude toward
mining shifted to encompass not only development
but also efficiency—that is, minimizing waste in the
mining process.’’° As long as mining companies sought
to reduce wasteful mining, the government generally
urged a permissive view toward their activities.>'* It
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even prioritized efficiency during World War I, largely
maintaining its system for permitting mines on public
lands.?* Still, the U.S. government lacked a national mining
policy that applied to both public and non-public lands.?

Government attitudes into the mid-1930s continued
to emphasize mining efficiency.?'* With the expansion
of military programs and eventually the outbreak

of World War II, the U.S. government sought to
increase its mineral supply through federal mineral
stockpiles and subsidies to mineral projects rather
than permitting actions for the development of new
mines.?’ Meanwhile, it continued to urge mining
efficiency and minimizing waste.*'® The most notable
permitting action in the 1940s was Reorganization
Plan No. 3 0f 1946, which authorized hardrock mineral
leasing on acquired public lands and was anchored

by prior laws like the Act of March 4, 1917.%" During
the Korean War, the U.S. government adopted similar
stockpiling, subsidy, and mining efficiency policies as it
did during World War I1.318

However, some mines developed before and during
this period had serious negative impacts on human
health and the environment, including releases

of pollutants that contaminated groundwater and
surface water.?" Starting in the late 1950s, members
of Congress increasingly sought to pass laws to help
protect the environment.??* Many of these bills aimed
to balance mineral development with environmental
protections.®?! In 1969, Congress passed one of its most
consequential pieces of environmental legislation, the
National Environmental Policy Act (NEPA), and it was
signed into law in 1970.3%

At the time of the law’s passage, the most noted

part of NEPA was the creation of the Council on
Environmental Quality (CEQ), which was tasked with
creating new environmental programs and directing
federal agencies to assess the environmental effects
of their own programs.3?* But the most significant part
of NEPA would arguably become Section 102. This
section broadly outlines the NEPA administration
process for federal agencies, including environmental
impact statements (EISs) for “major Federal actions
significantly affecting the quality of the human
environment.”*?* Major federal actions ultimately
came to encompass federal agencies issuing certain
permits.

After the enactment of NEPA, U.S. mine development
slowed amid higher costs associated with environmental
compliance, as well as higher energy, capital, and

labor costs. In 1970, U.S. mineral exploration and
development work declined for the first time since
1966, and mineral exploration and development work
declined again the following year.3?* The U.S. Bureau

of Mines noted at the time that health, safety, and
environmental requirements “strongly influenced” UL.S.
mineral development.3?® In 1972, U.S. exploration and
development work declined for the third-straight year
amid the growing costs of environmental regulations
and health and safety standards.’?” Congress that

year passed several additional laws concerning the
environment, including the Federal Water Pollution
Control Act Amendments, which largely created the
modern Clean Water Act.3?8

Mineral exploration and development work declined
further in 1973, and additional environmental
regulations contributed to higher costs for U.S. mines
through the rest of the 1970s.3?° Capital expenditures
per ton of output in the mining industry increased from
$25-$30 per ton in the early 1970s to $75-$90 per ton
in 1976.33° Many new mines and capacity expansions
were delayed or canceled.*** Mine development not only
became costlier but also took longer: By some estimates,
the development timeline for U.S. mineral projects in
1976 was 15 years.>* For permitting alone, a U.S. Forest
Service (USFS) official estimated that the minimum
processing time for a mineral lease and mining plan was
3 years.>® Concerns thus arose in the 1970s that the
NEPA process took too long.5%*

These concerns persist regarding the cost and length

of the federal permitting process for new mines. As
discussed in the next section, the laws and regulations
that predominantly affect modern U.S. mine permitting
today stem from laws and corresponding regulations
enacted in the 1960s and 1970s.%%

THE CURRENT SYSTEM

Developing a mine in the United States today requires
federal, state, and local permits, authorizations, and
compliance. Which permits are needed depends on the
mine’s location and plan of operations.*** Mines located
on public and non-public lands largely require the same
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federal permits, and a mine’s plan of operations affects
which specific permits are required based on how the mine
might impact health, safety, and the environment (see
Table 1). For example, an underground mine that plans to
backfill with mine tailings would require an Underground
Injection Control permit under the Safe Drinking Water
Act.3¥

All mines require permits under federal programs,
but the federal government has delegated permitting
authority to the state governments for issuing certain
permits.®*® For instance, most state governments

issue National Pollutant Discharge Elimination System
(NPDES) permits pertaining to Section 402 of the Clean
Water Act.>* Mines usually require NPDES permits
because their plans of operations affect discharges for
stormwater (e.g., rainwater) and mine contact water
(e.g., runoff).** The Environmental Protection Agency
(EPA) still retains oversight of state NPDES programs.’*
Similarly, most state governments have permitting
authority over Clean Air Act permits, yet the EPA again
maintains oversight.>* These permits are often required
for mines due to the crushing and dust associated with
their operations.3*

Table 1: Federal Permitting Requirements for Most U.S. Hardrock Mines

Permit/Compliance/Authorization

Relevant Authority

Relevant Authority Permit Rationale

State governments, except in Massachusetts,

Clean Water Act - National Pollution
Discharge Elimination System
(NPDES) permits

exercises oversight

Army Corps of Engineers, except in Michigan
and New Jersey where state governments
administer the program; Environmental
Protection Agency exercises oversight

Clean Water Act—Section 404 permit

Clean Water Act Section—401

certification Agency exercises oversight

National Historic Preservation Act

Section 106 compliance Historic Preservation Officer

Endangered Species Act—Section 7

US Fish & Wildlife Service compliance US Fish &Wildlife Service

New Hampshire, New affects discharges of
stormwater like Mexico, and the District of
Columbia; Environmental Protection Agency

State governments; Environmental Protection

Required if the mine’s plan of operations affects
discharges of stormwater (e.g., rainwater) and mine
contact water (e.g., runoff)

Required if the mine’s plan of operation involves
dredging or filling material in locations considered
jurisdictional waters like adjacent wetlands-covered
by the Clean Water Act

Required to issue a Section 402 permit issued by the
Environmental Protection Agency and a Section 404
permit issused by the US Army Corps of Engineers

State Historic Preservation Officer or Tribal

Required to issue a Section 404 permit

Required to issue a Section 404 permit

. Non-public lands: US Army Corps

Required if the mine requires a Section

. National Forest System lands: US Forest

National Environmental Policy Service

Act—Record of Decision and Plan of
Operations approval

Required if a mine requires a 404 permit or is located

. Other public lands: Bureau of Land on federal lands

Management

*Other federal agencies may act as ‘cooperating
agencies” in the NEPA

Required if the mine’s plan of operations involves
underground disposal of wastewater, underground
mine tailings backfill, in-situ recovery operations, or
similar activities

Safe Drinking Water Act
Underground Injection Control (UIC)
permits

Depending on the well class, either the
Environmental Protection Agency or state
government

Bureau of Alcohol, Tobacco, Firearms and
Explosives

Required for transporting, storing, and using

Explosives permit . .
P P explosives at the mine

Required for installing and operating radio systems

Federal Communications Commission .
at the mine

Radio authorization

. Mine identification number
. Legal Identification Report
. Part 48 training plan

Mine Safety and Health Administration Required before commencing mining operations

Source: Author’s analysis.
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As for permits needed directly from the federal
government, mines generally need a Section 404 permit
under the Clean Water Act.>* This permit is necessary if
the mine’s plan of operations involves dredging or filling
material—for example, installing a culvert for a stream
crossing or building a storage facility for waste rock or
tailings—in locations considered jurisdictional waters
subject to the Clean Water Act.3*

In all states except Michigan and New Jersey, the
federal government via the U.S. Army Corps of
Engineers (USACE) retains authority over issuing
Section 404 permits.** The EPA maintains veto power
over these permits in all states—and the EPA has
exercised this veto, such as over the Pebble Mine
project in Alaska.**” For the USACE to issue a Section
404 permit, the mine project must also receive Clean
Water Act Section 401 certification—which the state
government issues—and comply with Section 7 of
the Endangered Species Act and Section 106 of the
National Historic Preservation Act.>*

Importantly, when a federal agency decides to grant

a permit like a section 404 permit or approve a mine
on public lands, it is considered a major federal action
under NEPA and thus requires the lead federal agency
to prepare an EIS.3* This process requires the lead
federal agency to assess the environmental impacts of
its proposed action and possible alternative actions,
including no action.?*° After receiving the mine
application, plan, and related technical reports, the
lead agency scopes the EIS, authors the draft EIS,
prepares the final EIS, and issues a Record of Decision,
which is the federal government’s final determination
on whether to approve a project’s plan of operations
(see Figure 1).3%

For a mine that seeks a section 404 permit on non-
public lands, the USACE is the lead agency in the

NEPA process. The EPA reviews and comments on the
USACE’s EISs and can act as a cooperating agency.>>?
To illustrate the length of the process, the USACE’s
average timeline in 2021 across all types of projects,
from publishing a notice of intent for drafting an EIS
to publishing a final EIS, was 5.8 years.*** The Fiscal
Responsibility Act of 2023 did establish a two-year
timeline for the federal government to complete EISs,
but the lead federal agency can extend the deadline.®*

The Tamarack Nickel project in Minnesota offers an
example of this permitting process. Even though

it is located wholly on non-public lands, including
both state lands and private lands, federal permits
are likely required, including a Section 404 permit
under the Clean Water Act and, thus, Section 106
compliance under the National Historic Preservation
Act and Section 7 compliance under the Endangered
Species Act.>*> Consequently, the project must follow
the NEPA process, with the USACE expected as the
lead agency.’%®

For hardrock mines on public lands, the lead federal
agencies for NEPA reviews are either the Bureau of
Land Management (BLM) within the Department of
the Interior or the USFS within the Department of
Agriculture.®® While the BLM administers mining claims
on all public lands, including regulations for preventing
“unnecessary or undue degradation” to public lands, the
relevant surface management agency—either the BLM
or the USFS—oversees the mine development.3*® USFS
regulations for mining are practically unaltered since
1974, and BLM regulations are largely unchanged since
2001.3%°

Generally, the BLM and USFS permit mines on public
lands in the process depicted in Figure 2.3% For all types
of projects reviewed by the USFS in 2021, the average
timeline from publishing a notice of intent for drafting

Figure 1: Overview of National Environmental Policy Act’s Environmental Impact

Statement Process

MINE EIS
PLAN ’ Scoping

Record of

Decision

Source: Authors elaboration based on Environmental Protection Agency, “Mining Issues: EPA Region 9 Regional Tribal Operations Committee Meeting,”
presentation, April 20, 2023, slide 18, https://www.epa.gov/system/files/documents/2023-04/r9-rtoc-presentation-mining-issues-breakout-spring-2023.pdf.
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Figure 2: Overview of the Bureau of Land Management and U.S. Forest Service’s Process to

Approve Hardrock Mine Plans

Review the Conduct the

NEPA process

mine plan

Approve the

mine plan

Authorize mine
operations

Establish a
reclamation bond

Source: Authors elaboration based on U.S. Government Accountability Office (GAO), Hardrock Mining: BLM and Forest Service Have Taken Some Actions
to Expedite the Mine Plan Review Process but Could Do More, GAO-16-165 (Washington, DC: GAO, January 2016), 10-11, https://www.gao.gov/assets/

gao-16-165.pdf.

an EIS to publishing a final EIS was 5.8 years.*** For

new hardrock mining projects approved by the BLM
between FY 2013 and April 2024, the average timeline
for the entire process—from the project appearing in the
BLM’s records to the BLM authorizing ground-disturbing
activities—was 4.6 years.**? Thus, regardless of the lead
federal agency, the NEPA process can be expected to take
around five years.

Under the Mining Act of 1872, the BLM and USFS
further regulate mining on public lands based

on whether the public lands are non-acquired or
acquired.*®® Non-acquired public lands have always
been federally owned, while acquired lands have been
obtained by the federal government, such as through a
purchase, gift, or condemnation.3**

On non-acquired public lands, the location system
applies to hardrock minerals.?®> After receiving
authorization, firms and individuals can mine these
minerals if the public lands are not closed or withdrawn
from mineral entry and by paying a one-time $49
location fee, a $25 processing fee per new claim, and an
annual $200 maintenance fee.**® Mineral production
under the location system is not subject to a federal
royalty, although some entities—including the Biden
administration’s Interagency Working Group on Mining
Laws, Regulations, and Permitting—supported imposing
federal royalties on these minerals.3*’ Conversely, on
acquired public lands, the leasing system applies to
hardrock minerals.*® If the public lands are open to
mineral activity, firms and individuals can mine these
minerals after receiving authorization, but the mineral
production is subject to federal royalties.’®

To illustrate the above permitting process, the
Thacker Pass lithium project in Nevada is on BLM-
managed lands.?’° Correspondingly, plans of operations

and reclamation had to be submitted, and because
approving the plan of operations was considered a
major federal action, the BLM became the lead agency
in the NEPA process.®”* Although the plan of operations
was received in September 2019 and the final Record
of Decision was reached in January 2021, the project
faced legal challenges until March 2024 concerning its
potential impact on properties spiritually, culturally, and
historically significant to several Tribes.3”? Thus, even a
relatively quick permitting process can be followed by
lengthy litigation.%”3

In another example, the Idaho Cobalt Operations is on
USFS land.?”* The USFS was, therefore, the lead agency in
the NEPA process, with the EPA acting as a cooperating
agency.’”> With the mine’s plan of operations changing

in 2006, it took eight years from the USFS publishing a
notice of intent for drafting an EIS in 2001 to reaching

a Record of Decision in 2009.37° As with many mine
projects, the greatest environmental concerns were

the mine’s potential impacts on surface water and
groundwater.>”” To mitigate these risks, the approved plan
of operations addressed factors such as tailings and waste
rock management.®’®

Notably, certain types of mines can receive special
permitting coverage under Title 41 of the Fixing
America’s Surface Transportation Act (FAST-41)

0f 2015. FAST-41 created the Permitting Council

to streamline federal permitting by coordinating
federal environmental permits and approvals

for certain projects; it also created the Federal
Permitting Dashboard to enhance permitting timeline
transparency and predictability.3’® In 2021, mining
was added as a sector eligible for FAST-41 coverage.*®
To be eligible, a mining project must meet different
requirements depending on the specific criteria. For


https://www.gao.gov/assets/gao-16-165.pdf
https://www.gao.gov/assets/gao-16-165.pdf

MODERNIZING MINE PERMITTING IN THE UNITED STATES / MORGAN BAZILIAN AND GREGORY WISCHER

example, the “objective” criteria require that the
project be subject to NEPA, need more than $200
million in investment, and not qualify for other
expedited permitting processes.*%

In May 2023, the Hermosa manganese-zinc project

in Arizona became the first mining project covered by
FAST-41.382 Although the Hermosa project will involve
extensive mine development and mineral extraction on
private lands, for which it will need state permits, the
planned expansion of the mine operations will include
USFS land, invoking the NEPA process and making the
project eligible for FAST-41 benefits under the objective
criteria.’®® With FAST-41 coverage, the Hermosa project
expects a more efficient permitting process, and it
anticipates a Record of Decision in 2027.38

RECOMMENDATIONS FOR
STREAMLINING THE PROCESS

The U.S. government—both the executive branch and
Congress—could improve the process for permitting
new domestic mines by improving permitting clarity,
cost, and timelines. An inefficient permitting regime
dissuades those seeking to build new mine projects
and can cause delays or even cancellation for projects
in development. Thus, an inefficient permitting regime
limits the pipeline of mines, and those projects take
along time to come online, both constraining and
delaying new mineral supply.

Streamlining permitting for environmentally and

socially responsible new mines has garnered bipartisan
federal support, including from both the Trump and
Biden administrations.*® For example, the Trump
administration’s Executive Order 13953 directed agency
heads to, “as appropriate and consistent with applicable
law, use all available authorities to accelerate the issuance
of permits and the completion of projects in connection
with expanding and protecting the domestic supply chain
for minerals.”*® In Congress as well, members of both
parties have sought to streamline permitting for mines,
best evidenced by the Energy Permitting Reform Act of
2024, introduced by Senators Joe Manchin (I-WV) and
John Barrasso (R-WY).3%

The following recommendations seek to promote
sustainable mining, helping the United States

strengthen its national security, grow its economic
prosperity, and pursue its environmental objectives.
Recommendations are specifically tailored for the
federal government—both the executive branch and
Congress—not state or local governments.

RECOMMENDATIONS TO THE
PRESIDENT

« Issueanew rule that enhances Tribal consultation
and community engagement with mine applicants
in the NEPA process.

To better address the input of Tribes and local
communities affected by permitting new mines, the
next presidential administration could issue a new
rule that enhances Tribal consultation and community
engagement in the NEPA process.*®® An oft-cited study
using 2021 data found that a majority of mine sites

for nickel, copper, lithium, and cobalt in the United
States are located within 35 miles of Native American
reservations.®® In the NEPA process, however, federal
agencies—not the mining applicants—are required

to consult with the Tribal authorities, who have

noted that this interaction is often not timely or
constructive.** This new rule should require mining
companies to consult with the requisite Tribes and
engage with the local communities according to set
guidelines upon beginning the NEPA process, such

as by conducting onsite tours, holding mandatory
monthly meetings, and issuing automatic project
notifications.?' Such engagement and consultation
would help address issues and thus avoid lawsuits that
may arise concerning the NEPA process.

«  Expand FAST-41 coverage under the Permitting
Council’s “discretionary” criteria to mining projects
that will extract energy transition minerals.

To increase the number of mining projects covered by
FAST-41, the next president could direct the Permitting
Council to exercise its voting authority under the
discretionary criteria to cover more projects that

will extract minerals on the Department of Energy’s
“critical materials for energy” list.**> The only mining
project covered by FAST-41 as of September 2024 is
South32’s Hermosa project, despite mining projects
having become eligible for FAST-41 coverage in January



2021.3% Under the objective criteria, a mining project
like the Idaho Cobalt Operations would not have been
eligible for FAST-41 coverage—even though the mine
was subject to NEPA and did not qualify for other
expedited permitting processes—because it required
less than $200 million in investment.*** The Permitting
Council could bypass the objective criteria’s total
investment requirement by voting to cover specific
mine projects that will extract energy transition
minerals.

Issue a new rule for the CEQ’s “intensity” factors
that establishes clear thresholds for potentially
significant impacts.

To help federal agencies ascertain if projects require
EISs, the new administration’s CEQ could issue a
new rule for “intensity” factors that establishes clear
thresholds for potentially significant environmental
impacts. Determining if a time-consuming EIS

is required instead of a simpler environmental
assessment (EA)—which can take roughly half the
time to complete—depends on whether a major
federal action (e.g., granting a federal permit)

may significantly impact the environment.?* The
lead agency in the NEPA process determines the
significance based on the “context” and “intensity”
of the action’s impact, and the CEQ defines the
context and lists 10 intensity factors.>* A conclusion
or “substantial question” that the action may

have a significant impact for one factor triggers an
EIS; however, the CEQ does not currently define
thresholds for triggering each factor.”” A new rule
that clarifies these definitions would enable agencies
to pursue EAs when appropriate rather than favoring
caution by immediately drafting an EIS.

RECOMMENDATIONS TO
CONGRESS

Increase funding for more agency staffing to
support NEPA reviews.

To better ensure timely NEPA reviews, Congress
could increase funding for agencies to hire more
mineral experts.>*® In 2016, BLM and USFS officials
reported that field offices, which are the specific
agency units leading the NEPA process, have limited
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mining expertise, causing delays.** Additional
staffing could enable agencies to engage in early
planning meetings with mine project applicants
and help reduce applicant-caused delays, such

as submission of mine plans that lack adequate
information and clarity.*® Thus, adequate staffing
with the necessary expertise could help facilitate
the NEPA process.*!

Increase funding for permit applicants to offset
costs associated with the permitting process.

To help reduce the costs faced by mine applicants,
Congress could appropriate more funding to defray
permitting-related costs.*? Indeed, the Department
of Defense already offers and has disbursed Defense
Production Act Title III grants to mine projects to
help cover costs related to the NEPA process.** This
financial support can be increased and expanded to
cover additional costs. For instance, mine applicants
generally have to pay for third-party contractors
assisting in the NEPA process, yet the quality of
these contractors varies and leads to corresponding
delays.** Congress could pass funding for permit
applicants to hire approved contractors with a track
record of responsive, high-quality work in the NEPA
process, both reducing mine applicants’ compliance
costs and streamlining the NEPA process.

Establish categorical exclusions (CEs) for the
construction, expansion, or modernization of mines
that will produce energy transition minerals.

To satisfy environmental requirements under NEPA
while expediting permitting timelines, Congress
could pass legislation—similar to the Building Chips
in America Act of 2023—that treats the permitting of
mines for energy transition minerals as categorically
excluded from EA and EIS requirements.*%
Mlustrating the faster permitting timeline for CEs, the
USFS took an average of seven months to complete

a CE between 2005 and 2020.% To be covered by

the CE, a project must produce at least one energy
transition mineral as the primary product. For
example, an iron ore mine that produces neodymium
as a byproduct would not be subject to a CE.
Importantly, the covered energy transition minerals
should be listed in the legislation and could include
those minerals on the Department of Energy’s critical
energy materials list.*”
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Timeline of Major U.S. Federal Laws That Affect Hardrock Mining

1785

Land Ordinance of 1785: Reserved to the Congress—under the
Articles of Confederation—for its own use one-third of all gold,
silver, lead, and copper mines in the lands west of the
Appalachian Mountains, north of the Ohio River, and east of the
Mississippi River

1846

Act of July 11, 1846: (“An act to authorize the President of the
United States to sell the reserved mineral lands in the states
of Illinois and Arkansas, and territories of Wisconsin and lowa,
supposed to contain lead ore”): Authorized the president to
sell the lead-bearing lands in lllinois, Arkansas, and the
territories of Wisconsin and lowa

1849

Act of March 3, 1849: (“An act to establish the Home
Department, and to provide for the Treasury Department an
Assistant Secretary of the Treasury, and a Commissioner of
Customs”): Transferred the powers exercised by the
secretary of the treasury over lead mines and other mines to
the secretary of the interior

1870

Act of July 9, 1870 (“An act to amend ‘An act granting the
right of way to ditch and canal owners over the public
lands, and for other purposes’): Expanded the 1866
mining law to establish a procedure for the ownership of
placer mineral deposits

1891

Act of February 28, 1891: Amended the General Allotment
Act of 1887, and authorized mineral leasing on certain
Tribal lands

Act of March 8, 1891: (Forest Reserve Act of 1891):
Authorized the president to reserve public lands as
national forest reserves

1899

Rivers and Harbors Appropriation Act of 1899: Prohibited
the erection of obstructions to navigable waters unless
authorized by the federal government; the oldest federal
environmental law in the United States

1916

Stock Raising Homestead Act of 1916: Maintained that
the federal government owned the mineral rights on lands
designated for “stock raising,” enabling private persons to
explore, own, and mine minerals on these lands even if
homesteaders owned the surface rights

1919

Act of June 30, 1919: Authorized the secretary of the
interior to issue leases for mining metalliferous minerals on
unallotted Tribal lands in nine western states.

1946

Reorganization Plan No. 3 of 1946: Established the leasing
of hardrock minerals on acquired federal lands—which are
lands granted or sold to the United States—and
corresponding oversight by the secretary of the interior

1807

Act of March 3, 1807: (“An act making provision for the disposal
of the public lands, situated between the United States military
tract and the Connecticut reserve, and for other purposes”):
Authorized the president to lease lead-bearing lands in the
Indiana Territory

1847

Act of March 1, 1847: (“An act to establish a Land Office in the
northern part of Michigan, and to provide for the sale of
mineral lands in the state of Michigan”): Authorized the
president to sell the lands containing copper, lead, and other
valuable ores in Michigan

1866

Act of July 26, 1866: (“An act granting the right of way to ditch
and canal owners over the public lands, and for other
purposes”): Opened mineral exploration and development on
public lands to U.S. citizens and those intending to become
citizens, and established corresponding procedures for the
ownership of vein and lode mineral deposits

1872

Mining Act of 1872: (“An act to promote the development of
the mining resources of the United States”): Unified the 1866
and 1870 mining laws, and clarified the procedures and fees
for mineral ownership on public lands

1897

Act of June 4, 1897: (Organic Act of 1897): Authorized the
secretary of the interior to manage the use of national forest
reserves, including making them available for mining

1910

Act of June 25, 1910 (Pickett Act): Authorized the president to
temporarily withdraw public lands from settlement, location,
sale, or entry and reserve them for public purposes

1917

Act of March 4, 1917 (Weeks Act Minerals): Authorized the
secretary of agriculture to permit mineral development on
lands acquired under the Weeks law

1938

Indian Mineral Leasing Act of 1938: Permitted mineral leasing
on unallotted lands within Indian reservations, subject to the
authorization of the requisite Tribe and approval by the
secretary of the interior

1954

Multiple Mineral Development Act of 1954: Established
procedures for the mineral development of lands subject to
both the 1872 mining law and the Mineral Leasing Act of 1920
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1955

Act of July 23, 1955 (Surface Resources Act): Clarified
that surface rights could be managed separately from
mineral rights, restricting surface activities on mining
claims on public lands to activities “reasonably incident” to
prospecting, mining, or processing

1966

Federal Metal and Nonmetallic Mine Safety Act of 1966:
Established inspection, safety, and health procedures for
metal and nonmetal mining operations

National Historic Preservation Act of 1966: Established
requirements for the federal government to consider the
impact of its actions on historic, cultural, and spiritual sites

1970

Resource Recovery Act of 1970: Directed the federal
government to establish guidelines for solid waste
recovery, collection, separation, and disposal

Occupational Safety and Health Act of 1970:
Established standards to protect workers from recognized
workplace hazards

Mining and Mineral Policy of 1970: Declared the federal
government’s policy and national interest in developing an
economically robust and environmentally responsible
mining industry in the United States

1973

Endangered Species Act of 1973: Established protections
for endangered and threatened species and their habitats,
subjecting mine projects to certain regulations during
project development and operation

1976

Federal Land Policy and Management Act of 1976:
Established guidelines for the uses (e.g., mining) and
management of public lands, including preventing
“unnecessary or undue degradation of the lands”

Resource Conservation and Recovery Act of 1976:
Authorized the Environmental Protection Agency to
regulate the management of solid and hazardous wastes;
subsequent regulations exempted mining waste rock and
tailings from federal hazardous waste regulations

1982

Indian Mineral Development Act of 1982 (Melcher Act):
Authorized Tribes to enter into any form of agreement
approved by the Secretary of the Interior for the
development of mineral resources on Tribal lands and to
sell mineral resources produced on Tribal lands

1993

Act of April 16, 1993 (“An act to amend the Stock Raising
Homestead Act to resolve certain problems regarding
subsurface estates, and for other purposes”): Enhanced
the requirements for mineral exploration and development
on stock raising homestead lands, including requiring
written notice to and consent from the surface owner for
mining-related activities

2015

Fixing America’s Surface Transportation (FAST) Act of
2015: Established a Permitting Council to improve the
transparency and predictability for permitting certain
infrastructure projects, including covered mining projects

1963

Clean Air Act of 1963: Established air quality standards,
leading to permit requirements for certain levels of
mining-related dust, crushing and processing, and emissions
from power generation equipment

1969

National Environmental Policy Act of 1969: Established
requirements for the federal government to assess the
potential environmental impacts of its actions, such as the
approval of mines on federal lands and issuance of certain
federal permits

1972

Federal Water Pollution Control Act Amendments of 1972
(framework for the modern Clean Water Act): Established
standards for discharging pollutants—including stormwater
and mine runoff—as well as dredged or fill material into waters
of the United States

1974

Safe Drinking Water Act of 1974: Authorized the
Environmental Protection Agency to protect underground
sources of drinking water, resulting in requirements for
Underground Injection Control permits for the underground
disposal of wastewater, underground mine tailings backfill,
and in situ recovery operations

1977

Federal Mine Safety and Health Act of 1977: Combined and
enhanced the health and safety standards for coal, metal, and
nonmetal mines

1992

National Historic Preservation Act Amendments of 1992:
Established requirements for the federal government to
consult with Tribes for actions that may affect sites of
historical, cultural, or spiritual significance on or off Tribal
lands; allowed Tribes to assume the role of state historic
preservation officers as “Tribal historic preservation officers”

2006

Mine Improvement and New Emergency Response Act
(MINER Act) of 2006: Amended the Federal Mine Safety and
Health Act of 1977 by enhancing emergency preparedness,
prescribing penalties for operator violations, and authorizing
the secretary of labor to bring civil actions when an operator
breaches orders or decisions under the act
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CONCLUSION

For much of'its history, Congress sought to impose a
permitting regime that fostered and supported U.S.
mineral development, given the importance of minerals
to national security and economic prosperity. However,
in the 1960s, the legislative branch became increasingly
concerned about the impact of mining on human health
and the environment. It successfully passed a series

of laws to help address these issues, and the resulting
regulations and judicial review from administering these
laws still affect the permitting of new mines. In recent
years, both Democratic and Republican presidents

and bipartisan members of Congress have increasingly
expressed the need to streamline permitting for new
mine projects that are environmentally and socially
responsible.

These officials cite the necessity of new mines for not
only national security and economic reasons but also
environmental sustainability, including the adoption
of new energy technologies. With the public interest of
the government and the private interest of the mining
industry generally supportive of streamlined mine
permitting, both the incoming Trump administration
and Congress could modernize the permitting process
for new mines in the United States. As U.S. Geological
Survey director George Otis Smith wrote in 1919, “Public
interest and private interest in the long run are less
antagonistic than either the captain of industry or the
public servant has suspected.”*® Public and private
interests now align on the importance of permitting
new mines while simultaneously upholding high
environmental and social standards.
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Closing the midstream gap
in the U.S. supply chain

is crucial for safeguarding
strategic interests and
maintaining leadership

in the global technologies
that will shape the future.

ritical minerals have become essential to the

technologies that power modern economies.

While much attention is given to mining, it is
the midstream stage—the processing and refining of
these raw materials—that poses the greatest challenge
for the United States. Processing these minerals into
usable materials is a critical, yet often overlooked, part
of the supply chain. It is essential to explore the key
obstacles to developing strong midstream capabilities,
examining the historical, economic, and geopolitical
factors that have contributed to the current gap.

Although the United States has made progress in
increasing its mining capacity, the country still struggles
to efficiently process these critical minerals. Addressing
this midstream bottleneck is essential for reducing
dependence on foreign adversaries and building a more
resilient supply chain.

THE MIDSTREAM BOTTLENECK
A Strategic Blind Spot

The U.S. critical minerals supply chain is missing a key
component: midstream processing and the conversion
of raw minerals into advanced materials. This stage
involves transforming mined ores into high-purity
metals and producing materials tailored for specific
end uses. Although the United States is a significant
producer of minerals such as copper and rare earth
elements (REEs), it is a net exporter of both because

it lacks the infrastructure needed to process them
domestically. In 2023, the United States produced more
than 12 percent of the REEs mined globally but exported
93 percent of those materials.*”® During the same period,
the United States produced 5 percent of the world’s
mined copper and exported 32 percent of it.*!°

These important raw materials—whether mined or
recycled—are considered critical to national defense
and economic security, yet they are exported at high
rates, often to China, where they are processed and
converted into finished products. As a result, the
United States finds itself exporting its raw materials
only to buy them back in the form of advanced
technologies like cell phones and electric vehicles.
This reliance creates strategic risks that directly affect
national security and economic autonomy.

Without robust midstream processing capabilities, the
United States is exposed to serious potential supply chain
disruptions. Geopolitical tensions, export restrictions,

or price manipulation could significantly impact the
availability of critical materials. In recent years, China
has implemented multiple export restrictions on critical
minerals, particularly targeting raw materials such as
gallium, germanium, and REEs, which are crucial for
advanced technology manufacturing. In July 2023,

the Chinese Ministry of Commerce announced export
controls on gallium and germanium products, which
took effect on August 1, 2023.#!* These controls require
companies to apply for special export licenses, effectively
reducing global supply amid fears of a broader Chinese
strategy aimed at countering Western semiconductor
production capabilities. China has also shown a
willingness to restrict other strategic resources, like REES,
of which it refines 92 percent of the global supply.*?
Beijing has imposed export restrictions on rare earth
processing and magnet technologies, underscoring its
readiness to use its near-monopoly position as leverage
in ongoing trade disputes, particularly with the United
States and the European Union.**

History shows that these disruptions are likely to occur
at the least opportune times, whether due to a global
pandemic, such as Covid-19, or international conflicts,
such as the war in Ukraine.

This lack of domestic processing capability means that
some of the most crucial U.S. technologies remain
vulnerable to the influence of foreign adversaries. The
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Figure 1: Share of Top Three Processing Countries of Selected Minerals, 2022
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fact that China holds dominant positions in processing
for many essential minerals, including lithium (65
percent), cobalt (74 percent), copper (42 percent),

and graphite (100 percent), makes this dependence
especially concerning.** As global demand for critical
minerals rises, authoritarian regimes like those in China
and Russia are exploiting the West’s hesitancy toward
mining and refining, allowing them to nurture U.S.
dependence in a deliberate effort to weaken Western
technological leadership and economic influence.

Closing the midstream gap in the U.S. supply chain is
crucial for safeguarding strategic interests, reinforcing
economic independence, and maintaining leadership in
the global technologies that will shape the future. This
challenge is not insurmountable, but it would be a mistake
to underestimate the urgency or complexity of the task.

PROCESSING METHODS

Decoding the Complexities

Midstream processing of minerals typically begins with
physical beneficiation, where the ore is crushed and
the valuable minerals are separated from waste rock

through techniques like flotation or magnetic separation.
However, many minerals require further refining to reach
a pure, usable form. At this stage, two primary methods
are used: pyrometallurgy and hydrometallurgy.

Pyrometallurgy involves the use of high temperatures

to extract metals, especially from ores that are rich

in sulfides, such as nickel, cobalt, and copper. In this
process, the ore is heated in a furnace, triggering chemical
reactions that separate the metal from other elements.
While this technique is well established and effective for
certain ores, it is energy intensive and produces harmful
emissions. The significant energy and environmental
costs associated with pyrometallurgy make it less
appealing for widespread use, especially as industries
seek cleaner, more sustainable processing methods.

Hydrometallurgy, by contrast, uses chemicals to
dissolve metals from ores, allowing them to be
recovered from the solution. This method is often
applied to oxide ores, such as those containing lithium
or copper, as well as laterites, which are a key source of
nickel and cobalt. Hydrometallurgy tends to be more
energy efficient than pyrometallurgy and can have a
lower environmental impact, provided the chemicals
are managed responsibly. For example, different
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hydrometallurgical techniques are needed in lithium
production depending on whether the lithium is
extracted from spodumene ore (a solid rock) or brine
(saltwater). Brine extraction traditionally involves
evaporating water to concentrate the lithium, but
newer technologies like direct lithium extraction (DLE)
are being developed to speed up the process and reduce
water usage, making it more sustainable.

Midstream processing of minerals often involves
byproduct extraction, especially when dealing with
minerals such as gallium or germanium, which are
rarely found in high concentrations on their own. For
example, gallium is primarily obtained as a byproduct of
aluminum production from bauxite, while germanium
is recovered from zinc ores. Extracting these byproducts
involves hydrometallurgical processes that dissolve

the primary metal-bearing minerals, from which trace
elements can be separated. Gallium is extracted from
the caustic liquor used in the Bayer process for refining
bauxite into alumina, which contains only small parts
per million of gallium. The gallium is precipitated
through additional chemical treatments, making its
production more complex and economically viable only
when bauxite production volumes are high and market
prices justify the added expense.

Similarly, germanium is typically recovered from zinc
smelting residues using a combination of acid leaching
and solvent extraction. As with gallium, this adds a

layer of cost and complexity to the refining process,
often making the economic feasibility dependent

on favorable market conditions and the presence of
sufficient germanium concentrations in the feedstock.
Environmental factors also need to be considered, as
byproduct extraction generates additional chemical
waste and often involves heavy use of acids and solvents.
Managing these waste streams safely is crucial, as
improper handling can lead to significant environmental
damage, including contamination of water resources.

The challenge in refining critical minerals lies in the
fact that each mineral, along with its specific ore type,
requires a tailored processing approach. These processes
vary in terms of cost, efficiency, and environmental
impact, adding complexity to midstream operations.
REEs, for instance, require intricate chemical processes,
such as solvent extraction, to isolate individual
elements. This process is particularly complex because
REEs often occur together in nature and must be

separated one by one. Therefore, businesses that
maintain continuous, optimized operations—without
frequent stops or interruptions—gain significant
efficiency advantages.

Building a sustainable and competitive midstream
processing industry is especially challenging due

to the unique characteristics of each mineral.
Companies must not only advance technologies that
make processing more efficient but also address the
environmental consequences of these methods.
Innovations like DLE for lithium and closed-loop
systems that recycle chemicals and water show
promise, but scaling these technologies to industrial
levels remains a work in progress.

Additionally, the United States faces shortages of
skilled labor and advanced equipment, as much of

the processing infrastructure has moved overseas.

The need for specialized knowledge in metallurgy,
chemistry, and engineering further complicates efforts
to scale midstream processing domestically. Developing
these capabilities will require significant investment,
innovation, and a strategic focus on workforce
development and infrastructure expansion.

The Workforce Challenge

One of the primary challenges to expanding midstream
processing capabilities in the United States is the
shortage of skilled labor. Successfully processing critical
minerals requires specialized expertise in fields such as
metallurgy, chemistry, and engineering. Additionally,
large-scale industrial operations demand experienced
workers who can manage the complex processes
involved in transforming raw materials into refined,
usable products. Currently, the U.S. workforce is
underprepared to meet these demands.

A major factor contributing to this shortage is the
decline in the number of mining and metallurgical
engineers. According to a 2023 McKinsey report, the
number of mining engineering graduates in the United
States has dropped by 39 percent since 2016.#*> Similar
trends can be seen across other technical disciplines. At
the same time, rapidly growing industries like battery
manufacturing, semiconductors, and clean energy are
attracting skilled workers with higher wages and better
career opportunities. By comparison, critical minerals
processing is a niche sector with fewer established
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players and a steeper learning curve, making it less
appealing to prospective workers.

This gap in expertise is not limited to technical
positions; it also affects management and operational
roles. In countries like China, government-backed
investments and years of experience have fostered

a self-sustaining industry, complete with a robust
pipeline of skilled talent. The United States, by contrast,
often must rely on foreign experts or make significant
investments in retraining domestic workers. This
process is time consuming and costly, creating another
obstacle to scaling midstream operations.

Without a coordinated national strategy to develop the
necessary workforce, the United States will continue to
face difficulties in expanding its midstream processing
capabilities. Addressing this challenge requires investment
in education and training programs that focus specifically
on the skills needed for critical minerals processing. These
programs must also work to increase interest in the field
among new graduates and career switchers. Without a
concerted effort to build a skilled workforce, the United
States will face ongoing barriers to creating a strong,
competitive midstream sector capable of supporting its
broader industrial and technological goals.

Navigating Feedstock and Market
Immaturity

The availability of feedstock for processing is a critical
challenge for the U.S. midstream sector. Mining delays
due to local permitting or geopolitical instability
abroad in key mining regions can disrupt the steady
supply of raw materials necessary to keep processing
facilities operational. While some critical minerals

are sourced from stable partners like Australia and
Canada, others come from regions with more complex
geopolitical dynamics. For instance, most of the global
supply of cobalt is mined in the Democratic Republic of
the Congo, a country known for political instability and
humanitarian concerns. Meanwhile, the production of
REEs is dominated by China, which raises additional
concerns about supply chain reliability, given the
geopolitical tensions between the United States and
China.

A further challenge is the disparity between exchange-
traded and non-exchange-traded minerals. Exchange-
traded commodities, such as copper, nickel, and lithium,

benefit from well-established markets with price
transparency, liquidity, and hedging options. These
features attract investors and create smoother market
operations by allowing companies to manage risks more
effectively. In contrast, non-exchange-traded minerals,
like REEs and gallium, present far more opaque pricing,
limited buyers, and unpredictable supply chains. This
lack of transparency makes it difficult for businesses

to forecast costs and plan investments, which further
discourages the development of processing facilities for
these minerals.

The absence of transparent and reliable markets makes
it challenging for U.S. producers to attract private
capital. Investors are hesitant to engage in industries
where pricing and supply are unpredictable, leading to
financing gaps that hinder the expansion of midstream
infrastructure. This decentralized nature of the U.S.
critical minerals market stands in sharp contrast

to China’s vertically integrated model, where state-
backed investments ensure a more stable supply chain
from mining through refining. In China, government
support for mining and processing creates a cohesive
market ecosystem that offers stability to investors and
businesses alike.

For the United States to build a viable midstream
sector, policy support will be essential in improving
the transparency and maturity of domestic markets
for critical minerals. This could include measures
such as those described below to increase price
transparency, encourage the establishment of
standardized markets for non-exchange-traded
minerals, and provide incentives that make
investment in these areas more attractive. Without
these steps, U.S. efforts to establish a robust
midstream processing capability will continue to face
significant barriers due to market uncertainties and
the unpredictability of feedstock availability.

POLICY LEVERS
How the United States Can Close the Gap

To tackle the challenges of developing midstream
processing capabilities for critical minerals in the
United States, a multifaceted strategy is required—
one that integrates government policy with private
sector innovation. Several key policy actions can help
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accelerate progress in this area.

1.

Support workforce development. Establishing a
National Critical Minerals Workforce Initiative will
address workforce challenges in domestic projects
by leveraging federal programs and tax incentives.
The Department of Labor should prioritize critical
minerals in the Workforce Innovation and
Opportunity Act (WIOA) to support education in
metallurgy, chemistry, and mining engineering.
Community colleges can partner with WIOA boards
to create certifications and degrees, while regional
training centers can integrate into the American Job
Centers network, enhanced by the National Science
Foundation’s Advanced Technological Education
program.

The Carl D. Perkins Career and Technical Education
Act can also support high school programs in critical
minerals, building a talent pipeline. Funding for
science, technology, engineering, and mathematics
(STEM) clubs and science fairs can promote
interest, and collaboration with the Department

of Energy’s Minority Educational Institution
Student Partnership Program can encourage
underrepresented groups.

Expanding scholarships and loan forgiveness
programs will attract talent. The Teacher Education
Assistance for College and Higher Education
(TEACH) Grant Program can offer scholarships for
mining and chemical engineering, while a loan
forgiveness program can support graduates in the
critical minerals sector, with coordination from the
Department of Defense to create a fund under the
department’s Science, Mathematics, and Research
for Transformation (SMART) program.

Establish the UL.S. Critical Minerals Reserve.

The United States should establish a U.S. Critical
Minerals Reserve to ensure a stable and secure
supply of essential raw materials needed for
midstream processing, thereby strengthening
national security and economic resiliency. This
reserve would function as a financial and strategic
mechanism to mitigate supply disruptions caused
by geopolitical risks, market volatility, and timing
misalignments that occur due to the noncontiguous
ramp of mining, processing, downstream
production, and supply and demand. This approach

aligns with the recommendations from the House
Select Committee on the Strategic Competition
Between the United States and the Chinese
Communist Party, which emphasized reducing U.S.
dependence on foreign-controlled supply chains
for critical minerals, especially those dominated by
China.*®

The mechanism by which the reserve would

work is straightforward. By lending capital to
authorized market makers (AMMs), who will

then procure specified critical minerals from
allowed jurisdictions, the reserve would support
domestic and allied supply chains, stabilize
mineral prices, and mitigate risks associated with
foreign-controlled resources. The AMMs, backed
by private capital to achieve profit, would seek to
reduce production costs through innovation while
supporting downstream efforts to grow demand.
The AMMs would take price risk, backed by federal
loans, shifting that risk away from U.S. critical
minerals producers. Consequently, the industry
would gain resilience.

Update permitting to reduce delays and preserve
safeguards. To facilitate the development of critical
minerals projects, it is important for the U.S.
federal government to prioritize efforts to update
the permitting process for mining and midstream
operations. In order to minimize bureaucratic
delays while preserving essential environmental
safeguards, enhanced coordination between
different federal, state, and local agencies will be
required. In doing so, a more efficient pathway

for obtaining permits can be established, which is
crucial for ensuring a stable and competitive supply
of critical minerals.

A central component of this approach involves
building on the existing Federal Permitting
Improvement Steering Council (FPISC) to create

a centralized “one-stop shop” specifically for

critical minerals projects. Presently, navigating the
permitting landscape requires companies to interact
with multiple regulatory bodies, often leading to
redundancies and significant delays. By leveraging
the framework of FPISC, a more cohesive system can
be put in place—one that aligns regulatory agencies
at all levels and reduces inefficiencies. In 2021,
mining was added to FPISC’s list of covered projects
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under the Fixing America’s Surface Transportation
Act (FAST-41).47 Expanding the FAST-41 program
to include critical minerals projects explicitly would
be instrumental in ensuring dedicated personnel
are available to manage these projects, providing
necessary technical assistance and promoting
transparency in the permitting process.

Another key strategy is to increase the use of
programmatic environmental reviews and categorical
exclusions to expedite the permitting process

for critical minerals projects at the federal level.
Programmatic environmental impact statements
can be developed to evaluate the impacts of broad
categories of activities associated with critical
minerals in advance rather than requiring repetitive,
project-by-project reviews. By covering common
types of critical minerals activities—such as mineral
exploration, drilling, processing, and material
manufacturing—these programmatic reviews can
establish baseline analyses. This proactive approach
streamlines approvals by allowing subsequent
individual assessments to focus on specific site
conditions and deviations rather than reanalyzing
general impacts that have already been addressed.

An interagency task force led by the Department
of the Interior and including the Environmental
Protection Agency, Bureau of Land Management
(BLM), and the UL.S. Forest Service could provide
the structure needed to improve the permitting
process. This task force would prioritize developing
clear timelines for permit applications, allocating
resources to support permit reviews, and
offering guidance to companies seeking permits.
Additionally, increased funding for the BLM and
U.S. Geological Survey will be important so that
these agencies can hire specialized personnel
devoted exclusively to critical minerals projects,
with the goal of reducing approval times without
compromising the integrity of environmental
assessments.

Amending the America Creating Opportunities for
Manufacturing, Pre-Eminence in Technology, and
Economic Strength (COMPETES) Act to mandate
the expedited consideration of critical minerals
projects, particularly those with implications for
midstream processing, could serve as a platform
for enacting legislation related to critical minerals

permitting. By adopting a model similar to the
Renewable Energy Coordination Offices within the
BLM, a specialized expedited permitting pathway
could be established for critical minerals, ensuring
that these projects receive appropriate priority.

By creating a streamlined pathway and prioritizing
projects of strategic importance, the United States
can foster a resilient and competitive critical
minerals sector that is better positioned to meet
current and future demand.

CONCLUSION
A Path Forward for U.S. Midstream Leadership

To close the midstream gap, the United States

must pursue a coordinated strategy that combines
policy support, private investment, technological
innovation, and workforce development. As the
global race for critical minerals intensifies, the
United States cannot afford to fall behind in building
a robust processing and refining capability. Without
it, the country risks not only lagging in technological
advancements but also compromising its energy
security and economic independence.

The path forward to establishing a competitive
critical minerals midstream in the United States
will be challenging. Labor shortages, the need

for market maturation, and reliance on foreign
suppliers all present significant hurdles. However,
the opportunities for U.S. leadership are equally
significant. By fostering innovation, investing in
skilled talent, and building resilient, transparent
supply chains, the United States can strengthen its
position as a global leader in critical minerals. This
effort is essential for securing a stable foundation
for the future of technology, and by acting decisively
now, the United States can ensure long-term
competitiveness in the global market.
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The United States cannot,
and should not, remain on
the sidelines when it comes
to minerals. But its entry
into the international field
will have to come with a
model that competes on
economics and practices.

ver the past 30 years, China has emerged as

a critical player in the mineral supply chains

crucial for national and energy security.
Although it produces only 10 percent of the world’s
lithium, cobalt, nickel, and copper, China imports
sufficient quantities to process 65 to 90 percent of the
global supply of these metals.*'® This dominance is the
result of years of industrial planning and foreign policy
initiatives from Beijing. For the United States, China’s
dominance poses a strategic challenge, especially
given rising geopolitical tensions and Chinese export
restrictions on critical commodities, including gallium
and germanium, which are vital for semiconductors;
graphite, which is key for electric vehicles; and
antimony, which is used in many defense technologies.

Because the United States has limited domestic
reserves—including less than 1 percent of the world’s
reserves of commodities such as cobalt, nickel, and
graphite—it must develop a strategy to reduce its
dependence and enhance its mineral supply security.
The good news is that many resource-rich countries
want to work with the United States and its partners
to develop mineral resources if they can bring tangible
benefits to host jurisdictions. Resource-rich countries
want to diversify partners because they have realized
that relying on a single country for investment and
offtake is a risk. Additionally, Western companies

are generally more responsible, environmentally
conscious, and attentive to human rights and labor
conditions, which can reduce the friction between
communities, workers, firms, and the government. The

bad news is that the U.S. government cannot command
the efforts of mining companies, which are private
companies accountable to shareholders. Instead, the
United States must create an environment that will
enable the private sector to compete with state-owned
enterprises and offer more benefits to resource-rich
countries. The result should be a new model of mining
that is mutually beneficial for companies, resource
holders, and U.S. consumers.

Both the Trump and Biden administrations set out to
improve supply through better exploration, production,
recycling, and reprocessing of critical minerals. However,
the United States’ efforts to secure its supply chain

have been reactive and unsystematic, especially in
international exploration and mining. U.S. officials often
learn about projects after they have been announced,
missing out on the chance to coordinate investments
with Western partners. In particular, the United States
will need to engage in Africa, Latin America, and other
resource-rich regions in the Global South.

Many of the world’s most resource-rich countries are
among the most difficult in which to do business. U.S.
government efforts can enable investment by helping
reduce risks for projects and operators. The solutions,
however, are not one-size-fits-all. A framework for
prioritizing countries is a key starting point—and
then identifying how tools can be deployed in these
jurisdictions can follow. Approaches can include
government-to-government cooperation agreements,
technical assistance on legal and regulatory reforms,
public-private partnerships, and concessional financing.

It will also be important to overcome the historical
legacy of mining, wherein communities and workers
bore many of the consequences of resource extraction,
including environmental damage, human displacement,
and poor economic growth.

The United States cannot, and should not, remain on the
sidelines when it comes to minerals. But its entry into
the field will have to come with a model that competes
on economics and practices. With a more systemic
approach, the United States can enable its diplomats,
policymakers, and private sector actors to source the
minerals needed to process and manufacture goods that
are required for the twenty-first century.

The U.S. government has limited resources—and
developing a targeted strategy for engagement
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will require identifying priority jurisdictions and
developing appropriate tools to advance U.S. interests.
Given the ever-changing landscape of electoral
outcomes, policy changes, and geological discoveries,
this chapter establishes criteria for identifying priority
jurisdictions—drawn from ample global experience—
and makes policy recommendations on how the United
States can use financial and nonfinancial tools to
advance its goals.

AFRAMEWORKFOR
IDENTIFYING PRIORITY
JURISDICTIONS FOR
GOVERNMENT COOPERATION

To date, the United States has primarily engaged with
emerging markets through aid and national security
initiatives. In 2007, the United States established the
Africa Command to address security challenges, with
the U.S. military spending nearly $2 billion annually
on its operations in Africa.*® On the aid front, in 2023,
U.S. government aid to emerging economies totaled
$223.7 billion, of which $53.5 billion was allocated to
Africa.*?° Latin America received considerably less—
approximately $2.5 billion was requested by the Biden
administration for Latin America and the Caribbean
in the same year, to be disbursed through the State
Department and the U.S. Agency for International
Development (USAID).#!

Nonetheless, the United States has done little to engage
with these countries from a commercial perspective,
particularly in the mining sector. Recent efforts include
the Lobito Corridor under the Partnership for Global
Infrastructure and Investment, a $150 million loan for
a graphite project in Mozambique, and backing through
the Minerals Security Partnership for the Serra Verde
rare earth elements project in Brazil.*?? However, these
investments have not followed a cohesive strategy and
generally occur in isolation.

There are five broad considerations that determine a
high-potential mining jurisdiction: (1) geology—mineral
reserves and quality; (2) policy stability, transparency,
and rule of law; (3) quality of infrastructure; (4) the
ability to secure and maintain a social license to operate;

and (5) historical trade relations and market access.

This section draws on examples from across the world

to unpack these considerations. However, none of these
factors can be taken in isolation; prioritization should be
based on their aggregate impact.

Quantity and Quality of Mineral Reserves

Any strategy must align priority minerals with
available resources, taking into consideration recent
discoveries, ore grade, and the size of identified
deposits. Indonesia serves as an excellent example of a
jurisdiction prioritized by investors and policymakers
despite its challenging policy environment, driven by
rising resource nationalism. Not only does Indonesia
have a fifth of the world’s nickel, but it also has some
of the highest-quality and most profitable reserves,

as is evident through metrics like recovery rate

and mill-head grade.*”® (Recovery rate refers to the
proportion of nickel successfully extracted from raw
ore, while the mill-head grade indicates the average
nickel concentration in mined ore processed through
a mill.) Among the world’s five largest nickel mines—
Kola Division in Russia, Jinchuan in China, Sudbury
Operations in Canada, Sorowako in Indonesia, and
Polar Division in Russia—Sorowako stands out with the
highest recovery rate (88 percent, compared to 25.4-85
percent for the other four mines) and the second-
highest mill-head grade (1.68 percent), surpassed only
by Russia’s Kola operation (2.3 percent).** Indonesia’s
dominance in nickel production played a significant
role in U.S. president Joe Biden and Indonesia’s then-
president Joko Widodo’s decision to elevate their
countries’ bilateral relationship to a Comprehensive
Strategic Partnership in 2023, despite Indonesia’s poor
environmental track record in nickel production.*?®

Policy Stability, Transparency, and Rule of
Law

Mining investments are long term, so confidence
in the stability of the government and its policies;
institutional capabilities to enforce mineral
legislation, regulations, and standards; and
transparency are all important.**

Despite possessing some of the world’s richest copper
deposits—boasting ore grades exceeding 3 percent,
substantially higher than the global average of 0.6-0.8
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percent—and holding half the world’s cobalt reserves,
the Democratic Republic of the Congo (DRC) struggles
to attract Western mining companies due to political
instability, corruption, and weak enforcement of
laws.*?” At present, Glencore and Ivanhoe are among
the only Westerns firms operating in the DRC. Both
First Quantum Minerals, a Canadian company, and
Freeport-McMoRan, a U.S. company, have exited since
2010.%8 First Quantum Minerals’ departure from the
DRC resulted from a conflict with the government over
the expropriation of one the company’s major assets.*?
During a visit to the DRC in August 2024, both industry
and government officials agreed that corruption is a
significant deterrent to attracting Western investment.
Without a central tax authority, any government entity
can impose a tax and freeze a company’s assets until it is
paid. So, despite having some of the best copper deposits
in the world—both in size and quality—and half the
world’s cobalt, investors remain hesitant.

Policy stability is a key consideration. As demand

for minerals rapidly rises, an increasing number of
governments are adopting resource nationalism policies
to secure a larger share of benefits from their natural
resources. These policies may include higher taxes and
royalties, nationalization or state ownership, export
control (such as nonautomatic licensing, quotas, tariffs,
or bans), and local ownership requirements. In recent
years, countries have leveraged bans on raw resource
exports to mandate local processing and value addition.
However, such policies often elicit mixed reactions
from investors. New investors may hesitate to enter,
while existing investors must decide whether to comply
or divest. Countries that adopt resource nationalism
policies on short notice risk signaling policy volatility,
which can deter investment. Greenfield investment is
drying up in jurisdictions with resource nationalism.

Quality of Infrastructure

Mining and processing require critical infrastructure,
including energy, water, ports, rail, and roads. Mining

is one of the most energy-intensive industries in the
world, accounting for 10 percent of global energy
consumption.*° Estimates suggest that the mining
industry’s energy consumption could grow by a factor of
two to eight by 2060.4

Affordable and stable base load power can make
mining and processing investments significantly

more commercially attractive. Saudi Arabia has made
substantial investments in renewable energy and boasts
some of the lowest energy costs in the world. Its Al Ghat
wind project set a record for the lowest electricity cost
from wind power—just 1.56558 cents per kilowatt hour
(kWh) levelized cost of energy (LCOE). Saudi Arabia’s
Wa’ad Alshamal project has the second-lowest cost, at
1.70187 cents/kWh LCOE.*? Additionally, Saudia Arabia
has the lowest LCOE for solar photovoltaics.** These
developments have positioned Saudi Arabia to become
one of the world’s largest mineral processing hubs. By
2030, the kingdom aims to be one of the seven biggest
mineral processors in the world.

Countries with energy shortages are at a disadvantage
when it comes to attracting mineral extraction and
processing investments. Some of the most mineral-rich
countries are among the most energy-poor—and they
are overwhelmingly in Africa. In 2022, only 21.5 percent
of the population in the DRC had access to energy,
compared to 33.2 percent in Mozambique, 36.1 percent
in Madagascar, and 45.8 percent in Tanzania.*** While
some companies have opted to build their own energy
generation and transmission infrastructure, this adds

a significant cost to doing business. In South America,
the global mining company Anglo American has made
significant energy investments and operates entirely on
renewable energy.*

Transportation infrastructure is vital for global
mineral supply chains. Commodities must move
within countries and across borders and oceans.
Among the world’s 10 largest ports by volume of goods
moved, 7 are in China. Of the 50 largest ports, 2 are

in Latin America (Santos, Brazil; and Colon, Panama),
and one is in Africa (Tanger Med, Morocco). These
ports serve as critical hubs facilitating the global trade
of minerals.*%

Rail is the most efficient way to transport minerals
to ports, as the bulk nature of commodities can be
damaging to roads. Transporting bulk commodities
by rail also generates 75 percent fewer carbon
emissions compared to road journeys.*’ Africa’s
landmass is larger than the combined areas of the
continental United States, China, Europe, and
India—yet its 82,000 kilometers of rail is only slightly
more than the combined rail networks of France and
Germany.*® Much of Africa’s rail infrastructure has
been poorly maintained, with nearly a fifth entirely
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nonoperational. As a result, most commodities are
transported by road. However, roads also present
significant challenges. Africa has one of the lowest
road densities in the world, with just 27 kilometers
of road per 10,000 people, and less than a third of

its roads are paved.*° This lack of infrastructure
underscores the rationale behind the Partnership for
Global Infrastructure Investment’s Lobito Corridor,
which aims to connect the DRC, Zambia, and the rest
of Angola to Angola’s Port of Lobito, thereby reducing
transportation costs for mineral exports.*

Securing Social Licenses to Operate

Social license to operate is a concept used to

describe the informal and ongoing approval of a
mining company’s operations by the surrounding
community and stakeholders. Unlike legal permits
issued by governments, social licenses are granted

by communities and based on trust, legitimacy, and
consent. Social license to operate is one of the biggest
risks facing mining companies. For three consecutive
years—2019, 2020, and 2021—it topped the list of the
10 biggest risks cited by the mining industry in Ernst &
Young’s annual survey.*! Half of the mining executives
surveyed identified it as the biggest risk.**? Looking
ahead, executives still rank it among the top five risks
facing the industry in 2025.44

Peru is a prime example of the impact of social license

to operate on investment. It is one of the only Latin
American countries to have seen a decline in investment
in recent years. Over the last five years, from 2019

to 2024, exploration investment increased by 21.6
percent in Chile, 26.9 percent in Mexico, 51.7 percent

in Brazil, and 105.4 percent Argentina. The only major
mining jurisdiction that saw a reduction in exploration
investment was Peru, which declined by 12.6 percent.**
During this time, there has been a substantial increase
in social unrest related to mining in Peru. In August
2023 alone, there were 71 mining-related protests.**
Fitch Ratings, a major credit rating agency, cited mining-
related social unrest, protests, and blockades as a
significant challenge.*

Panama is increasingly viewed as “uninvestable” after
social unrest and subsequent government action

led to the closure of its biggest mine. First Quantum
Minerals’ $10 billion Cobre Panama copper mine was
one of the world’s largest copper-producing mines,

accounting for 1.5 percent of global copper supply.
Since beginning production in 2019, it had accounted
for 75 percent of Panama’s exports and 5 percent

of its gross domestic product. However, a storm

was brewing. In addition to high unemployment

and corruption there was also growing resentment
over the mine’s environmental impact—particularly
river and soil contamination.*’ There was also
sentiment that the mine should be in the hands of the
Panamanian people rather than foreign companies.
Illegal blockades of the international port and mine
access road forced the mine to stop production in
November 2023. These were the country’s worst
protests in decades. At the end of November

2023, the Supreme Court of Justice ruled that First
Quantum Minerals’ mining concession contract was
unconstitutional.#® It is hard to see an outcome in
which mining companies would want to undertake
new projects in Panama.

Historical Trade Relations and Market Access

Market access—or a company’s ability to sell goods
and services across borders—is a critical determinant
of a company’s investment decisions. Market access
involves the conditions, barriers, and regulations
that impact trade, such as tariffs, quotas, technical
standards, and trade agreements. A strong history

of bilateral trade—built on stable market access—
can make mining investments more commercially
attractive to investors. Canada, China, the European
Union, Japan, Mexico, and the United Kingdom are
among the United States’ biggest trading partners.
With the exception of China, which has imposed a
barrage of export restrictions, there is little concern
that future investments in these countries are at risk.
Historical trade ties are a strong signal.

Namibia is a prime example of a country with

which the United States has strong trade ties—and
significant room to increase mineral trade. Namibia
is a key beneficiary of the African Growth and
Opportunity Act, a U.S. unilateral trade preference
program signed into law by President Bill Clinton in
2000 and renewed in 2015. Importantly, Namibia has
key critical minerals vital to safeguarding U.S. security
interests. Its Lofdal heavy rare earths operation
produces 2,000 tons per year of rare earth oxides

and has rich deposits of two of the most valuable
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heavy rare earth metals, which are used in defense
systems, lasers, electronics, and renewable energy
technologies. Namibia also has the third-largest
uranium reserves in the world—a vital input for
nuclear power—and has large copper, cobalt, lithium,
zing, and fluorspar reserves.**

LEVERAGING THE FRAMEWORK
FOR MINERALS DIPLOMACY

When determining which countries the United States
should prioritize, none of the considerations discussed
above should be taken in isolation. If geology alone were
enough, policymakers and investors would focus on
mining nickel in Australia, whose total reserves match
those of Indonesia. Unfortunately, higher production
costs have rendered Australian nickel uncompetitive.*°
Over the last two years, BHP closed its Nickel West
operations and West Musgrave project in Australia, and
Glencore shut down its Koniambo Nickel SAS operation
in New Caledonia due to unprofitability.*!

If historical trade ties were enough, the United
States would have much stronger minerals trade

Figure 1: Chile’s Copper Exports, 2001-2021

B United States M China

2001
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2021

with Latin America. The United States has more free
trade agreements with Latin American countries than
with any other region in the world. These include
agreements with Chile, Mexico, and Peru. Yet, in
2021, Chile exported $28.2 billion worth of copper

to China, compared to just $6.5 billion to the United
States. Similarly, Mexico, one of the United States’
biggest trade partners, sent 94 percent of its copper
exports to China, compared to just 1 percent to the
United States.*>?

If resource nationalism were the sole determining
factor, Vale Base Metals would cease mining nickel in
Indonesia, and Freeport-McMoRan would not still have
its copper operations there.

If social license to operate were the determining factor,
First Quantum Minerals would not be focusing its efforts
on restoring operations at its Cobre Panama mine.*

If infrastructure was the primary determinant,
investors would not be flocking to Zambia. The country
is experiencing a 500 megawatt (MW) energy deficit
due to a drought that is undermining hydroelectric
power generation and causing rolling blackouts. The
country also has significantly higher transportation
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Source: CSIS analysis.
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costs because it is landlocked. Transportation costs add
40 percent to production expenses because accessing
ports such as Beira, Dar es Salaam, Durban, Lobito,
and Walvis Bay is difficult and time consuming.**
Nonetheless, First Quantum Minerals announced a
$1.3 billion investment to expand copper production;
Anglo American has returned to Zambia after

two decades; Rio Tinto is pursuing an exploration
campaign; KoBold, a U.S. firm, is building Zambia’s
biggest copper mine; IHC has acquired a major asset;
and Barrick Gold has scaled up exploration with plans
to create a super-pit at its existing mine, potentially
extending its life by 60 years.**

It is the aggregation of these considerations that
determines what constitutes a high-potential mining
jurisdiction.

Table 1 evaluates the performance of selected
countries, chosen because they are home to multiple
priority resources. The table applies the considerations
framework to these countries.

Canada, Australia, and Saudi Arabia are high-income
countries with which the United States should pursue
collaboration, including providing financing and
leveraging subsidies and tax credits, as outlined in
the table above. When it comes to emerging markets,
Namibia should be a priority jurisdiction. With

some infrastructure support, Tanzania and Zambia’s
attractiveness could increase substantially, making
them important sources of nickel, graphite, and rare
earth elements. Argentina, Brazil, and Chile would
benefit from building capacity for firms to strengthen
their social license to operate through more active
benefit sharing with communities. It is no surprise
that there is an aversion among Western investors

to enter the DRC and even South Africa, or that Peru
is one of the only Latin American countries to have
experienced a decline in investment over the last

five years. Addressing these factors can improve

the attractiveness of these jurisdictions to mining

companies.

Table 1: Performance Across Key Investment Indicators in Resource-Rich Mining Jurisdictions

Quality of
infrastructure

Criticality of

resources* and rule of law

Argentina
Brazil
Chile
Mexico
Copper
Peru Bismuth

Zinc

Policy climate, stability,

Historical trade
relations**®

Social license to
operate
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Criticality of Policy climate, sta Quality of Social license to Historical trade
resources* ule of law infrastructure operate relations

Tanzania
AGOA (at risk
of losing based

South Africa on recently
introduced
legislation)

Namibia

Democratic

Republic of

the Congo

Zambia

Indonesia

Saudi Arabia

Aluminum
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Criticality of

resources* and rule of law

Canada

Australia

United States

Policy climate, stability,

Historical trade
relations

Social license to
operate

Quality of
infrastructure

Source: Author’s elaborations based on interviews with government and industry, mine visits, S&P CapitallQ, and data from the Global Infrastructure
Hub, Fraser Index, Rule of Law Index, ACLED, World Economic Forum, and the World Bank.

* The criticality of resources is determined by the specific resources a country possesses rather than the in-situ value of all resources (e.g., including
gold). Countries with resources that the United States has limited reserves of and that are vital for U.S. security interests are ranked higher.

** Free trade agreement

*** African Growth and Opportunity Act

RECOMMENDATIONS FOR
BUILDING MINERALS
DIPLOMACY

The United States has a range of tools it can better deploy
to strengthen minerals diplomacy. While discussions
often center on concessional financing, the United States’
arsenal is significantly larger. If used strategically, these
tools can enhance U.S. supply security and redesign
supply chains, enabling countries that have historically
exported resources to China to shift their exports to

the United States and other Western nations. These
instruments can be broadly categorized into four areas:
financing, geological mapping, infrastructure, and market
incentives. This section offers recommendations for each
of these four areas.

1. Reform the U.S. International Development
Finance Corporation. The U.S. International
Development Finance Corporation (DFC) was not
originally established to finance minerals security
needs. However, it has become the primary vehicle
for funding such projects overseas.
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Two amendments could significantly enhance

the DFC’s capacity to support minerals security
interests. First, the White House’s Office of
Management and Budget should amend its rules to
allow the DFC to make equity investments in mining
projects. Equity investments send a strong signal

to both companies and countries, as government
equity can help mobilize additional private capital
and foster government-to-government cooperation.
Second, revising or introducing legislation to
enable the DFC to finance mining projects in high-
income, resource-rich countries is essential. Under
current rules, the DFC cannot fund projects in
countries such as Canada and Chile. Congress could
address this issue similarly to its approach with

the European Energy Security and Diversification
Act 0f 2019. That legislation authorized the DFC to
finance energy projects in high-income European
countries, including a $500 million loan guarantee
for a liquified natural gas project in Poland aimed at
reducing reliance on Russia.*’

Support infrastructure development in priority
jurisdictions. One way China has advanced its
minerals security goals is through infrastructure
development. This approach benefits host
jurisdictions while ensuring that mining operations
have access to essential energy, water, and
transportation infrastructure. Such investments are
vital for sustaining the mining ecosystem. During
the first 10 years of China’s Belt and Road Initiative
(BRI), it invested $1 trillion, including $634 billion
in construction contracts and $419 billion in
nonfinancial investments.*® In 2023 alone, China
allocated $7.9 billion to energy investments. That
same year, it made BRI investments in 61 countries
in 2023, with Africa overtaking the Middle East

as the largest recipient.** These investments

have allowed China to secure raw materials from
domestic processing. For example, in 2018, Chile
became one of the first Latin American countries to
join the BRI, and today, nearly one-third of China’s
raw copper comes from Chile.4®°

The United States has several mechanisms for
financing infrastructure abroad, including the
DFC and Power Africa. Power Africa, launched
by President Barack Obama in 2013, was an
innovative, government-led partnership aimed
atincreasing energy access in Africa. Initially, it

set out to add 10,000 MW of energy capacity and

20 million connections by 2030. In 2014, Power
Africa tripled its goals.*! However, over time,
budgetary appropriations have significantly declined,
hampering its ability to operate at the required scale.

To deploy soft power effectively, strengthen
minerals diplomacy, and reduce barriers to entry
for Western mining companies, mechanisms like
the DFC and Power Africa will require substantially
larger budget allocations.

Leverage the U.S. Geological Survey to undertake
geological mapping and de-risk exploration in
priority jurisdictions. Many developing countries
remain either unmapped or reliant on outdated
geological surveys. For example, 45 percent of
Zambia’s land is still geologically unmapped,

and the remaining 55 percent was last mapped
before 1998. Geological mapping can help de-risk
investments for exploration companies, which is
crucial given that over 99 percent of exploration
projects are unsuccessful.*?

Building mapping capabilities will require budgetary
allocations. Additionally, embedding U.S. Geological
Survey attachés at embassies to oversee mapping
efforts presents an important opportunity for
advancing minerals diplomacy. These attachés could
collaborate with geological surveys and mining
ministries in host jurisdictions, fostering stronger
partnerships and supporting informed resource
development strategies.

Develop carrots—subsidies and tax credits—to
incentivize investment in priority jurisdictions
globally. The lack of U.S. investment incentives
has allowed China to gain control over many of
Africa’s natural resources. China’s foreign direct
investment in Africa grew from $75 million in 2003
to $4.2 billion in 2020, primarily in the mining
sector.*? Similarly, China has made substantial
investments in Latin America, focusing on
critical minerals, energy, telecommunications,
and transport infrastructure. In November 2024,
Chinese president Xi Jinping visited Peru, where
he launched the first phrase of a $3.5 billion port
project aimed at strengthening trade routes from
Latin America’s Pacific coast to China.**
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Meanwhile, the value of trade between China and Africa
increased from $10 billion in 2000 to $25 billion in 2021—
over four times the growth seen between the United
States and Africa.*®s In Latin America, Chinese trade has
soared from $12 billion in 2000 to $450 billion in 2023.4°
Investment incentives and de-risking measures—such as
subsidies, tax credits, and loan guarantees—will be critical
for countering Chinese investment and fostering U.S.
engagement in these strategic regions.

CONCLUSION

While an “America First” approach and developing
domestic mining are important, continuing to lag in
emerging markets presents a critical vulnerability for
the United States for two reasons. First, the United
States lacks sufficient quantities and quality of many
commodities essential for national, economic, and
energy security. Second, allowing China to continue

to outpace the United States in Latin America, Africa,
and Asia only strengthens China’s dominance in global
mineral supply chains.

However, the United States cannot pursue efforts in
every resource-rich country. Prioritizing target countries
for minerals diplomacy will be crucial. This chapter
proposed a framework for identifying these countries
based on five considerations: (1) mineral reserves and
quality; (2) policy stability, transparency, and rule of law;
(3) quality of infrastructure; (4) the ability to secure and
maintain a social license to operate; and (5) historical
trade relations and market access.

Ultimately, the United States must move beyond
discussions about what it should do—action on
financing instruments, infrastructure and mapping, and
incentives is imperative.
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MINING THE DEEP SEA: A NEW MINERALS FRONTIER / SEAVER WANG

China’s multi-sector deep
sea mining industry efforts,
which enjoy clear national
policy backing, stand in
stark contrast with the
United States’ nonexistent
seafloor minerals strategy.

n the coming years, scientific, technological,

and regulatory trends appear likely to unlock

the economically viable and environmentally
responsible collection of metals-rich nodules from the
abyssal seafloor at depths of several kilometers. Yet
despite the potential of seafloor polymetallic nodules
to dramatically alter existing critical minerals supply
chains, the United States has neglected to develop
policies that can help realize the potential of this
emerging sector and deliver strategic national benefits.
At present, U.S. passivity increases the likelihood that
new production from seafloor metals will simply flow to
Chinese metallurgical processing plants, exacerbating
current patterns of critical minerals import dependence.

A robust U.S. critical minerals strategy should
immediately break from this trend of inaction and take
steps to leverage nodule resources as a new, diversified
source of metals to support energy transition efforts.
In the near term, given its nonparticipation in the

UN Convention on the Law of the Sea (UNCLOS), the
United States cannot directly access minerals within
the international seabed area. Policymakers should
therefore take a multi-pronged approach, aligning
diplomatic efforts, existing Inflation Reduction Act
(IRA) incentives, and policy support for downstream
industries to attract nodules extracted from overseas
to domestic mineral-processing and battery-
manufacturing plants. Eventually, the United States
should become a party to UNCLOS, gaining equal access
to minerals from the international seabed and helping
influence and strengthen international governance of

the high seas. Public support for research on the seabed,
deep sea technologies, and environmental best practices
can also better position the country to compete in this
emerging sector. Meanwhile, improved federal mapping
of offshore mineral resources in territorial and extended
continental shelf waters may identify promising
mineral deposits for development under U.S. sovereign
authority.

THE NEW MINERAL FRONTIER

With each passing year, viable commercial mineral
harvesting from the seafloor becomes increasingly
realistic. Historical barriers to deep sea mining are
diminishing in the face of better resource mapping,
improving robotics, and falling cost propositions relative
to land-based resources. Spurred by growing demand

for minerals for clean energy, regulatory developments
for resource collection on the international seafloor

are proceeding slowly but steadily. Countries are also
increasingly pursuing seafloor mineral resources in their
exclusive economic zones (EEZs).

In 2024, the Norwegian government moved to allow
exploratory resource-mapping and equipment-testing
activities on its offshore continental shelf.*’ Japan has
tested the viability of several different kinds of seafloor
mineral deposits in its EEZ in past years, most recently
discovering a significant concentration of metals-

rich nodules in the country’s easternmost sovereign
waters in July 2023.%8 In August 2024, India opened

up its EEZ for exploration contracts.*® In the South
Pacific, the Cook Islands expects to make key regulatory
decisions on seafloor nodule collection within years.*’
Meanwhile, in December 2023, the United States took
a key first step toward securing seafloor resources by
declaring boundaries for the U.S. extended continental
shelf (ECS).4"

Under UNCLOS, seabed minerals and extractive
activities beyond the boundaries of countries’ sovereign
rights fall under the regulatory authority of the
International Seabed Authority (ISA), an independent
international organization. However, opposition from
lawmakers hostile to international seafloor governance
has blocked the U.S. Senate from ratifying UNCLOS for
over 30 years, leaving the United States one of the few
countries not party to UNCLOS and the ISA. Without
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full membership, it cannot sponsor mineral-related
activities on the international seabed. At the same
time, the federal government has devoted little policy
attention to pursuing hardrock minerals in sovereign
waters. Thus, despite seafloor metals’ value as an
alternative to import dependence on critical minerals
from China, the United States still lacks any meaningful
policy strategy for ocean minerals. Without decisive
federal action, seabed minerals may simply become the
newest entry on a long list of strategic commodities
firmly under Chinese state and industry control.

Three different types of mineral-rich seafloor deposits
have historically attracted the most attention for
excavation: polymetallic nodules (also called manganese
nodules), ferromanganese crusts (also called cobalt
crusts), and polymetallic sulfide deposits (also called
seafloor massive sulfides). No commercial exploitation
of these seafloor minerals is taking place today,
although exploration efforts (i.e., resource mapping and
equipment testing) have increased in recent years. Some
polymetallic nodule and ferromanganese crust resources
likely lie in seafloor areas under U.S. jurisdiction,
particularly in the Pacific, but these and other deposits
in U.S. EEZ waters remain incompletely characterized.*’
Globally, seabed mineral exploration to date has mostly
targeted the international seafloor, particularly rich
nodule fields in the central and western Pacific.

Ferromanganese crusts and polymetallic sulfide
deposits are tightly embedded into seafloor rock and
sediment, making extraction difficult, environmentally
challenging, and reliant on excavation techniques akin
to those used for surface mining on land.*”® Exploratory
testing of systems to mine them remains relatively
immature and may prove difficult to balance cost
effectively with good environmental management.
Because environmentally responsible and economically
viable harvesting of ferromanganese crust and
polymetallic sulfide resources is likely beyond reach for
the foreseeable future, focusing policy efforts on such
deposits seems relatively unproductive.

By contrast, polymetallic nodules are potato-sized
nuggets of metallic minerals that sit clustered atop
sediment-covered, plains-like regions of the abyssal
seafloor, typically at depths of 3.5-6 kilometers (2.2-3.7
miles).** These nodules possess rich manganese, nickel,
copper, and cobalt content.*’”® Collection requires

little more than a means of lifting them to the ocean’s

surface. Most collector system concepts involve using
robotic underwater vehicles that separate nodules from
sediment using hydraulic jets, then transporting these
nodules via pipe to a ship on the surface using hydraulic
or mechanical lifting systems.

The quality of nodule resources and relative simplicity
of their collection have made nodules the focus of most
exploration efforts. Of the 31 exploration contracts

in international waters granted by the ISA, 19 target
nodules while only 7 and 5 target polymetallic sulfide
deposits and ferromanganese crusts, respectively.*7¢
Moreover, technology for harvesting nodules is
approaching commercial readiness, with several
Western operators having successfully tested collector
vehicle systems.*”” Chinese state-owned companies,
benefiting from coordinated support from industry
partners, academic researchers, and national policy,
intend to test similar technologies in international
waters in 2025.478

Given current momentum, it seems likely that seafloor
nodule collection will proceed with or without the
United States. How soon this new frontier of metal
resources manifests depends on many factors:
technological performance and costs, the speed at which
regulatory frameworks develop, government policy and
scientific support, and the scope of demand induced

by commodity markets. In any event, the United

States should take proactive steps to leverage deep sea
nodule resources. A fresh, ambitious policy approach
could establish U.S. leadership in a strategic emerging
technology sector and strengthen the national critical
minerals supply picture in a single stroke.

WHY DO SEAFLOOR NODULES
MATTERTO THE UNITED
STATES?

The Clarion-Clipperton Fracture Zone (CCZ) contains
the largest polymetallic nodule field in the world,

with 21 billion dry metric tons (23 million tons) of
nodules. With a typical mass composition of 31 percent
manganese, 1.4 percent nickel, 1.2 percent copper, and
0.2 percent cobalt, the CCZ may hold 6 billion metric
tons (6.6 tons) of manganese, 270 million metric tons
(300 tons) of nickel, 230 million metric tons (250
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tons) of copper, and 50 million metric tons (55 tons) of
cobalt.*’? The CCZ alone thus exceeds known land-based
cobalt and manganese resources—not reserves—by a
factor of two, while holding nickel equivalent to over
half of terrestrial resources. This quantity of minerals
can produce up to 6.9 billion electric vehicle (EV)
battery packs, more than enough to support the global
transition to EVs a few times over.

Seafloor nodules thus offer a tantalizing opportunity to
help the United States diversify four critical minerals
supply chains at once while supporting domestic EV
manufacturing. Chinese industry players currently
dominate the value chain for cobalt, nickel, copper,
and manganese. Around 70 percent of all global

cobalt and nickel processing capacity operates in
China, as does 44 percent of global copper refining.*%
Consequently, Chinese firms perform over 75 percent
of global manufacturing of nickel manganese cobalt
(NMC) cathode materials for EV batteries.*®* This poses
substantial challenges to U.S. automakers seeking to
meet domestic-sourcing criteria for the critical minerals
mined and processed for use in batteries.*? Manganese
nodules could overturn this calculus, playing to U.S.
strengths in artificial intelligence (AI), robotics, and
oceanographic science while significantly expanding
the country’s access to manganese, nickel, copper, and
cobalt. Conversely, failure to capitalize on the seafloor
nodule opportunity may funnel collected minerals to
ascendant Chinese battery technology firms, further
cementing their supply chain dominance.

In addition, recent economic assessments suggest
nodule operations can produce minerals at attractively
low prices relative to conventional mining.*? Seafloor
nodules could consequently support low-cost

battery mineral feedstocks, increasing the economic
competitiveness of downstream processing and
battery manufacturing and helping reduce the costs

of transitioning to clean energy and transportation
technologies.

Some challenge whether United States should consider
harvesting seabed minerals at all, citing environmental
concerns.*®* Nodule collector vehicles will likely disturb
the upper 5-15 centimeters (2-6 inches) of seafloor
sediment and create a localized sediment cloud while
introducing noise and light, disrupting organisms
living on or around the nodules.*> But considering the
higher and harder-to-manage environmental impacts

of conventional mining on land, policies focused on
nodules actually offer the United States an opportunity
to help reduce the long-term environmental impact of
global mineral supply chains.

Seafloor nodule operations inherently allow for reduced
environmental impacts, continuous improvement

in impacts management, and strong enforcement of
regulations. First, coproduction of four critical minerals
from a single seafloor nodule area yields environmental
benefits by obviating the need for multiple different
mining projects on land. In contrast to land-based
mining where operators must clear and excavate a
sizeable area of the targeted landscape before extracting
a single ton of ore, impacts from robotic collection

are incremental, allowing for ongoing improvements
that reduce the footprint of subsequent operations.

The technology for nodule harvesting is still young,

and successive generations of equipment may achieve
better environmental protection—by selectively
harvesting nodules with Al assistance, for instance, or
by muffling underwater noise from the pipe system
lifting nodules to the surface vessel.** Ship-based
operations, which operate far from human settlements,
also offer advantages for regulators seeking to monitor
or audit nodule collection activities. Overall, a holistic
comparison of seafloor nodules relative to land-

based minerals arguably increases the value of nodule
resources from a policy perspective.

THE CURRENT INTERNATIONAL
STATE OF PLAY

To develop an effective U.S. strategy for polymetallic
nodules, policymakers will need to consider the
current state of play in international regulations and
governance, seafloor exploration and pilot testing, and
parallel policy efforts advanced by other nations.

For international waters beyond countries’ sovereign
EEZs, UNCLOS established the International Seabed
Authority to oversee and regulate commercial activities
on the seafloor. The United States is the sole major
country not party to UNCLOS and only participates in
the ISA as an observer, unable to sponsor applications
for exploration or exploitation contracts. While the Deep
Seabed Hard Mineral Resources Act of 1979 theoretically
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tasks the National Oceanic and Atmospheric
Administration (NOAA) with issuing licenses for seabed
minerals beyond the U.S. EEZ—with Lockheed Martin
holding rights to two areas of the CCZ since 1984—the
likelihood of intense diplomatic and political backlash
strongly discourages both NOAA and private sector
actors from unilaterally claiming seafloor minerals
outside the UNCLOS framework.*’

Since commencing operations in 1996, the ISA has

seen seabed mineral collection evolve from a vague
hypothetical into a technologically viable emerging
industry. Although the authority has implemented a
permitting framework for seabed mineral exploration,
the original 2020 target date for finalization of a
permitting system for mineral exploitation has come
and gone, delaying completion of the ISA’s Mining
Code.*38 The 29th session of the ISA, in mid-2024,

saw the first complete reading of the draft regulations
on exploitation. The organization seeks to complete

its regulatory framework by mid-2025, subsequently
requiring approval by consensus from the rotating
36-member ISA Council and the 170 members of the full
ISA Assembly.*® As per the text of UNCLOS, “consensus”
means “the absence of any formal objection,” meaning
any council or assembly member can stall codification
of ISA regulations.*° With a growing list of 32

member countries calling for a precautionary pause or
moratorium on deep sea mining until the ISA formalizes
robust regulations—or until researchers can study
potential environmental impacts more extensively—
this approval process faces a real risk of failing to reach
consensus over the next few years.*!

Still, U.S. policymakers would be remiss in deprioritizing
seafloor minerals on account of the ISA’s sluggishness.
The authority only governs mineral collection on the
international seafloor, leaving countries free to pursue
activities within their own EEZ boundaries. While

some countries have committed to applying the ISA’s
Mining Code to guide permitting of mineral exploitation
activities in their own EEZs, this is voluntary and not
universal practice. As such, commercial seabed mining
in territorial waters may potentially outpace policy
developments at the ISA.

ISA regulations are also steadily progressing as
underwater technology improves and scientific
knowledge accumulates. The newly elected secretary
general of the ISA, Leticia Carvalho, has expressed

determination to maintain the authority’s neutrality as a
decisionmaking forum, as well as delivering a consensus
by 2025 on how member states will approach finalizing
the Mining Code.*? Such efforts will gradually facilitate
consensus building at the ISA sooner or later. Given the
current pace of resource mapping and collector-system
testing, a finalized permitting framework will likely

see nodule collection efforts move rapidly to full-scale
production, spearheaded by both Chinese and Western
companies.

Indeed, Chinese operators are moving ambitiously

to develop international seabed resources, aiming to
become first movers once regulations fall into place.
Overlooked by most media reporting and unhindered by
environmental activists, Chinese research institutions,
state-owned enterprises, and private sector partners

are investing significant efforts into resource surveys
and technology development for the exploitation of

the three main seafloor mineral resource types. This
network of corporations and research centers can

fully study, finance, build, and operate all components
of a maritime minerals industry, including robots,
specialized vessels, and onshore ore processing facilities.
Many of these deep sea mapping, monitoring, and
robotics platforms possess military dual-use value

for submarine, anti-submarine, and reconnaissance
operations and for targeting seafloor pipelines and
cables.*s

China’s multi-sector deep sea mining industry efforts,
which enjoy clear national policy backing, stand in stark
contrast with the United States’ nonexistent seafloor
minerals strategy. The Chinese state-owned firms
Beijing Pioneer and China Minmetals Corporation plan
to conduct nodule collector field tests in 2025.%“ Beijing
is also the largest financial contributor to the ISA and
plays an active role in negotiations, vocally advocating
for a firm pathway toward finalizing the ISA’s regulations
on exploitation.* Overall, China holds five ISA
exploration contracts, the most of any single country:
three for nodules, one for ferromanganese crust, and one
for polymetallic sulfides.*®

Of the remaining 26 ISA contracts, U.S. partners through
NATO and the Minerals Security Partnership hold a total
of 15 contracts, including 8 for nodules. However, only
Belgium, India, Japan, and South Korea have shown clear
interest in developing minerals on the international
seafloor, while the remaining 4 contracts for nodules
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belong to U.S. allies—Germany, the United Kingdom,
and France—that have expressed some opposition

to near-term commercial-scale nodule collection.*”
Importantly, small island states hold an additional 5
nodule exploration contracts, 4 of which— Cook Islands,
Kiribati, Nauru, and Tonga—partner with U.S.- and
Canada-based companies.

Overall, current international nodule exploration
efforts remain competitive with Chinese programs
from a technological, business, and resource-quantity
perspective but exhibit more vulnerabilities to activist
opposition and shifting national policies. The selection
of players that will emerge as early leaders in nodule
collection and related deep sea technologies thus
remains an open question—one the United States still
has opportunities to shape.

RECOMMENDATIONS

In contrast to China’s efforts—characterized by
significant capital investment, active ISA participation,
and the tight integration of government, academic, and
industry work—the United States essentially does not
possess a national policy strategy on seafloor minerals.
Over the past three decades, the federal government
has not moved meaningfully to update and modernize
regulations governing offshore minerals and has
undertaken only sporadic efforts to research seabed
mining. Broader underinvestment in critical minerals
supply chains, such as the current lack of any operating
domestic nickel- or cobalt-refining facilities, also
inhibits U.S. competitiveness.

One might conclude that Washington should seek

to ratify UNCLOS to gain access to polymetallic
nodules and other resources and secure stronger legal
protections for the United States’ extended continental
shelf.*® However, ISA membership will only allow U.S.
access to nodules over the long term. The immediate
benefit of ratifying UNCLOS would be geopolitical: The
United States has endeavored to protect freedom of
maritime navigation with neither the ability to hold
leadership positions at UNCLOS institutions nor access
to the UNCLOS dispute settlement framework, while
also enduring accusations of hypocrisy for enforcing a
treaty it is not party to.*° At the ISA, it would be playing
catch-up, with limited ability to help formulate initial

ISA Mining Code rules, regulations, and procedures.
Meanwhile, the United States would require significant
lead time to directly sponsor new applications that
secure contracts to explore and exploit international
seabed resources.

While accession to UNCLOS would greatly strengthen
U.S. maritime interests, political constraints pose
obstacles not only to Senate ratification but also to
seafloor mineral policy in general. Some conservative
policymakers have consistently blocked UNCLOS
ratification, arguing that participation would require
the United States to relinquish sovereign powers to
international institutions.*® Meanwhile, the State

of Hawaii recently joined California, Oregon, and
Washington in enacting a moratorium on mineral
exploitation in state coastal waters (which typically
extend to 3 nautical miles offshore).>* These moratoria
pose minor implications for critical minerals, as the
vast majority of hardrock mineral deposits are located
further offshore. Yet these state policies highlight
interest from other, liberal political coalitions in
opposing ocean mineral exploration.

Such political tripwires pose difficulties for developing
seafloor mineral policies that can secure bipartisan
support. However, measures to establish downstream
U.S. access to polymetallic nodules, coupled with support
for offshore resource mapping, deep sea technology
development, and onshore nodule processing, may be
able to attract broader political buy-in.

In the near term, the United States should strive to
position itself as a promising destination for processing
nodules and incorporating refined minerals into the
domestic battery supply chain. One of the advantages
of nodule resources is that the United States could
receive nodule materials without holding ISA contracts
of its own, as long as domestic facilities can refine

the metals competitively. Inaction will allow Chinese
metallurgical industries to master nodule processing,
gaining a monopoly even on nodules collected by non-
Chinese operations.

However, the United States can pursue several actions to
gain advantages in this sector.

 Clarify existing policies to better support
development of a domestic processing sector. The
domestic critical minerals component of the IRA’s
30D EV tax credit provides a strong incentive for
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battery and EV manufacturers to source eligible
metals mined or processed domestically or by free
trade agreement (FTA) partners. Yet neither the IRA
nor subsequent Department of Treasury guidance
has addressed the eligibility of minerals sourced
from the international seafloor.>* Clarification that
collected nodules brought to the United States and
FTA partners as the first port of call would count
toward the Treasury Department’s Traced Qualifying
Value Add Test for the 30D credit would incentivize
bringing harvested nodules to the United States.

«  Fund research and pilot projects for nodule
processing. Mineral recovery from nodules will
require different processing steps and workflows,
opening a window for new market entry. Onshore
processing of nodules will likely utilize many
smelting and chemical-leach processes either in
wide practice or with previous commercial-scale
precedent.>® But polymetallic nodules are not a
standard feed material for metallurgical refineries
and will require unique process flowsheets, of which
industry actors are currently engaged in lab and
pilot-scale testing.>** Full process demonstration
and product quality verification help operators
prove their viability and move toward full-scale
projects. As such, nodule-processing pilot and
demonstration projects could benefit greatly
from Department of Energy and Department of
Defense awards through the IRA’s 48C credit, the
Defense Production Act Title I1I office, and the Loan
Programs Office.>®

But making the United States a destination for
harvested nodules depends on the overall economic
viability of domestic mineral-processing operations. As
such, broader efforts to improve the competitiveness of
domestic processing and refining—through affordable
energy inputs, permitting reforms, and policy
interventions to combat price volatility—will also help
make the United States more attractive as a host country
for downstream industry.

+ Incorporate polymetallic nodule collection
into the United States’ international critical
minerals strategy. The Department of State should
proactively identify opportunities to expand the
Minerals Security Partnership (MSP) to countries
that ambitiously pursue nodule collection.
Diplomatic engagement, technical assistance, and

facilitated financing could strengthen early efforts
by states such as the Cook Islands, Jamaica, or Nauru
to develop nodule resources. Such partner countries
could even consider sponsoring U.S. firms to explore
or exploit nodules on the international seabed.
Policymakers can similarly coordinate with existing
MSP partners such as India, Japan, or South Korea
that are advancing EEZ seafloor mineral exploration
efforts. Robust diplomatic efforts can not only help
diversify supply chains but also create new avenues
for U.S. access to nodules.

« Deepen scientific understanding of seafloor
minerals to improve public opinion, study
offshore mineral potential, and advance better
environmental and economic outcomes.
Infrequent policy attention toward offshore
hardrock minerals over the past few decades has left
much of the extended continental shelf unexplored
by modern oceanographic sensing techniques.*%
Surveying efforts can support and expand upon the
efforts of the Bureau of Ocean Energy Management
and U.S. Geological Survey to catalog a National
Offshore Critical Mineral Inventory, potentially
identifying promising new U.S. offshore deposits
through mapping and characterization. Other
research should seek to quantify industry-related
questions such as life-cycle environmental impacts
and economic feasibility. Many of these activities
can inform longer-term modernization of federal
regulations for leasing and permitting offshore
minerals. Federal agencies can also help engage
environmental activists’ concerns through reports
that review the scientific literature on potential
impacts from seafloor nodule collection, track
advances in collection system technologies, and
highlight remaining questions and opportunities for
impact mitigation.

Combined, these actions can position the United States
far more competitively on polymetallic nodules, a
substantial new critical minerals resource with the most
promise for sustainable and economic development
among known seabed mineral deposit types. Nodule
collection can allow the United States to dramatically
diversify four key metal supply chains for the clean
energy transition while simultaneously reducing
environmental impacts associated with these raw
materials. Decisive policy efforts in this area can also
strengthen nationally important industries such as
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robotics and deep sea capabilities, enhance U.S. overseas
partnerships, and elevate U.S. leadership in strategic
international forums. A new Congress and executive
administration should not hesitate to integrate seafloor
nodules into the nation’s critical minerals strategy.
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Leading mining practices
today can ensure that
critical minerals are
produced with minimal
freshwater use, a small
footprint on land, few

if any local or global air
pollutants, and a net-
positive impact on plants
and animals.

INTRODUCTION

ining is an ancient industry, with evidence of

copper piping used in Egypt from 2500 BC and

other more basic uses of metals and minerals
stretching back many centuries further. Yet modern
and responsible mines bear little resemblance to the
rudimentary and often damaging practices of bygone
eras. Leading mining practices today can ensure that
critical minerals are produced with minimal freshwater
use, a small footprint on land, few if any local or global
air pollutants, and a net-positive impact on plants and
animals. In addition, such projects enjoy the support of
local communities and Indigenous peoples; contribute
to local and regional economic development through
jobs, taxes, and infrastructure; and ensure the health and
safety of workers and neighbors. Many such examples
exist in the United States and around the world.

Yet for every example of responsible mining, there are
numerous examples of irresponsible practices, past and
present. Polluted lands and water, a depleted state of
nature, and long-term health impacts on workers and
communities are a reality for many mining communities
today. At least 23 million people are estimated to live

on floodplains contaminated by potentially harmful
concentrations of toxic waste from metal mining.>"’
Mining activities have also often been linked to human
rights violations, conflict, and corruption.

Any industry—particularly one as diverse as mining,
which has an estimated 25,000 companies operating

in 140 countries globally—has a range of responsible
and irresponsible actors.>*® The reputation of the overall
industry is shaped disproportionately by the actions of
the less responsible, setting in motion a vicious cycle
that continues to create the space for irresponsible
mining. A poor reputation for mining overall means less
public and community support for new mines, which
discourages responsible companies from seeking to
operate, especially as developing a new mine can require
billions of dollars before the first ore is extracted. Land
is thus left open for illegal and irresponsible operators
to take over, often undetected—as mining activities
often take place in remote locations, governments may
struggle to enforce local laws and regulations (where
they exist), particularly in countries where the state has
less capacity.

While it may be impossible to eliminate all irresponsible
mining everywhere, it is possible to make responsible
mining the norm in the United States and its allied
countries. Doing so requires action on three fronts:
regulatory measures, voluntary standards, and market
mechanisms. Each is discussed below, and regulatory
measures are covered in more detail in Chapter 10 by
Morgan Bazilian and Gregory Wischer.

REGULATORY MEASURES

Mining is by nature a highly regulated industry in

the United States and in most countries. Aside from
mining-specific laws, a range of environmental, social,
and economic legislation typically applies, such as

the National Environment Policy Act and the Clean
Water Act. Both are necessary and potentially useful,

as they provide the requisite infrastructure through
which to ensure responsible mining practices. Yet there
are several challenges regarding the application of
regulatory measures to mining. A new mine can require
hundreds—and in some cases, thousands—of permitting
obligations, take years of effort prior to approval, and put
significant financial investment at risk. The substance
of these requirements, however, are essential social and
environmental safeguards that should be preserved.

There is industry and government consensus that there
is excessive bureaucracy, uncertainty, and complexity
in current legislation and its application in the United
States. Globally, there is data for 127 mines that have
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come online since 2002 and the discovery-to-production
process has taken an average of 15.7 years.’® The United
States is significantly behind the global average. A recent
study by S&P Global on behalf of the U.S. National
Mining Association showed that the country has the
second-longest mine development times in the world,

at almost 29 years on average from first discovery to

first production—second only to Zambia, at 34 years.>°
The rate of slow mine development is problematic. The
expected demand for copper alone is likely to result in the
need for between 35 and 195 large new copper mines over
the next 30 years.**

How, then, can the permitting process be streamlined
while maintaining strong social and environmental
safeguards? There are three important methods the U.S.
government can consider, drawing from the experience
of other jurisdictions.

1. Implement a “one-stop-shop” mechanism. While
the form of this mechanism will no doubt vary
from country to country, it would not only cut
through the complex systems of regulations but,
crucially, could also ensure authorities strike the
right balance between fast-tracking applications and
implementing social and environmental safeguards.
For instance, the EU Critical Raw Materials Act
(CRMA) allows for “strategic projects” (defined as
those that extract identified strategic raw materials)
to benefit from a streamlined and predictable
process to help project developers navigate the
national permitting systems.**? This approach is
designed to expedite permits through a single
authority and administrative system, while at the
same time ensuring that environmental review,
public participation, and sustainability remain
embedded in the approval process. This is difficult—
if not impossible—to achieve without a single point
of contact. Other countries that already have or are
considering similar single-point systems include
Chile, Oman, and Saudi Arabia.

2. Setsome “non-negotiable” elements while
allowing flexibility in others, ensuring that
expedited permitting can go hand in hand with
high standards. For instance, the CRMA’s non-
negotiable requirements include compliance with
the conditions set in the directives on habitats
(92/43/EEC), water (2000/60/EC), and birds
(2009/147/EC), as well as in the European Union’s

recent Nature Restoration Law.>®® If it meets these
criteria, a strategic project can benefit from the
expedited permitting process even if it has residual
negative impacts in other areas. Another way

the CRMA strikes this balance is to exclude the
time the project developer takes to complete the
Environmental Impact Assessment (EIA) from

the rapid-approval time window. This exclusion is
because the EIA is the responsibility of the project
developer, and it ensures that the EIA process is
not unduly rushed and that steps are not skipped.
With this protection in place, the act further
streamlines the process by requiring that a decision
on “screening” under the EIA directive (2011/92/
EU) should be made within 30 days, rather than

a previous timeframe of 90 days, and that the
maximum time for public participation in the EIA
process should not exceed 85 days.>**

3. Coordinate, cross-link, or “nest” requirements
of different acts within one another. For example,
in Western Australia, the Mining Act and the
Environmental Protection Act are coordinated. In
addition, the country’s Department of Mines and
Petroleum has a memorandum of understanding
with its Environmental Protection Authority that
delegates certain tasks to the former. Various
conditions—in accordance with various laws—
are appended to the licenses obtained under the
Mining Act. Furthermore, the Mining Act links the
granting of mining rights to provisions on how the
environment should be handled. This effectively
consolidates all environmental provisions within
the legislation, in turn ensuring a streamlined
and administratively efficient process while
minimizing gaps and overlaps that could lead to
poor environmental or social outcomes.>"

But regulatory reform is only one way to encourage
responsible mining. An often more powerful lever is the
effect of voluntary standards.

VOLUNTARY STANDARDS

Over the past two decades, numerous voluntary
standards for responsible mining have been developed,
mostly initiated by the mining industry itself. One of the
earliest examples is the Mining Principles put forth by
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the International Council on Mining and Metals (ICMM)
in 2003.5%® Adopting these principles is a condition of
membership for the organization’s 24 mining and metals
companies, which collectively make up approximately
one-third of the global industry across 650 sites in over
50 countries.>"’

Other notable examples include the Towards Sustainable
Mining program developed by the Mining Association
of Canada, which has now been adopted in several other
countries; the Copper Mark, which brings together

the mining and business components across the value
chain through a robust assurance system; and the
Responsible Gold Mining Principles developed by the
World Gold Council.**® Each of these standards aims

to promote continuous improvements in responsible
mining practices for the facilities that voluntarily elect
to adopt them. There are important differences across
them, however, as they have varying levels of breadth
(number of topics covered), depth (the specificity of
performance requirements), governance (who decides
what is or is not covered by the standard and how claims
are assessed), and assurance systems (how third-party
verifiers are required to substantiate claims made
against the standard).

In addition to “upstream” or mining-specific standards,
various “downstream” or product-specific standards
have also been developed, including, among others,
ResponsibleSteel and the Aluminium Stewardship
Initiative.”*® These standards are focused on individual
commodities and therefore seek to cover all stages of the
value chain, from the initial extraction of the ore through
the various processing stages to the development of the
final product. They are best thought of as “product-back”
standards that contrast with the upstream systems,
which can be seen as “mining-forward.”

The challenge today is that the mining companies that
self-identify as being responsible often apply multiple
voluntary standards, which adds significant costs and
audit burdens in addition to causing confusion and
complexity for stakeholders. On the other hand, large
portions of the 25,000-strong overall mining industry
adopt no voluntary standards at all, thus escaping the
scrutiny and discipline that come with the disclosure
requirements associated with these standards.

There are ways to maximize the effectiveness
of voluntary standards as a tool to drive more

responsible mining. Primary among these methods is
support for the consolidation of existing standards.
The current landscape of voluntary standards is
crowded, confusing, and cumbersome for both the
companies that apply them and the stakeholders
who rely on them. ICMM, the Mining Association of
Canada, the Copper Mark, and the World Gold Council
are already in the process of consolidating their
standards into one global system with independent,
multistakeholder oversight.5?° Additional efforts
should be supported by resisting any attempts to
create further standards and incorporating—where
relevant and appropriate—compliance with high-
quality voluntary standards, as the European

Union refers to in its Critical Raw Materials Act.>?!
Conformity with high-quality voluntary standards
could also be made a condition of public procurement
to help scale up adoption.

Voluntary and regulatory mechanisms can be
complementary tools to drive the widespread adoption
of responsible mining practices. However, there is a
third category of actions that is necessary to enable the
maximum uptake of such practices: market mechanisms.

MARKET MECHANISMS

While metals and minerals are bought and sold in a
variety of ways, including direct sales from producers
to customers (who may still transform or on-sell the
product), commodity exchanges such as the Chicago
Mercantile Exchange or London Metal Exchange
(LME), and illegally or “off-the-books” trading,
particularly in the case of precious metals such as
gold. By and large, individual tons of a particular
commodity of a specified grade are indistinguishable
from each other and have the same essential chemical
and physical properties, irrespective of whether they
were produced using responsible or irresponsible
methods.

This fungibility of metals gives rise to a major challenge
in making responsible mining the norm. Put bluntly,

as long as there are both a clean-but-expensive way of
mining and a cheap-but-dirty way, many will choose
the latter since the customer cannot usually tell the
difference based purely on the attributes of the product.
This is different from, for example, farm produce, for
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which irresponsible practices such as excessive use of
fertilizer could be ascertained through visual or chemical
testing.

This perverse incentive for irresponsible practices is
made worse by the lack of a well-developed mechanism
for pricing metals differently based on their provenance
or quality of production. This is most acute in the case
of commodity trading platforms such as the LME, which
essentially uses a single reference price for a commodity.
The LME has responsible sourcing requirements traders
must satisfy before being able to do business on the
platform, theoretically setting a “floor” of responsible
mining practices.

However, beyond this, there are few if any mechanisms
currently available on exchanges such as the LME to
allow commodities to be priced higher if they have
been produced more responsibly or, conversely,

priced lower if they lack certain assurances on

their provenance or performance on sustainability
criteria.’?? This has come into sharp focus in the case
of nickel, where the divergence between responsible
and irresponsible practices can be quite large. In
particular, the greenhouse gas emissions associated
with production can vary by orders of magnitude

even within the same class of nickel, which is based
on method of production. Despite a growing call,
particularly from Western producers, for the LME to
introduce differential pricing for “green nickel,” the
exchange has not yet moved to create such tiered
pricing, citing a lack of liquidity and critical mass

and highlighting the risk of the market not working
efficiently if contracts were to be subdivided further.5?

Part of the challenge lies in defining “green.” There is as
much debate about what metrics should be considered
(should it only be greenhouse gas emissions and other
environmental factors, or should it also include social
performance?) as what data would be used and how it
would be collected and assured (would site-level Scope
1 and 2 emissions suffice, or would it need to include
upstream and downstream Scope 3 emissions, too?).5*
The lack of clarity around these issues has curtailed the
development of tiered pricing mechanisms.

As a result, operators that do not appear to follow any
voluntary codes have flooded the market with metal
produced amid credible allegations of environmental
destruction. This has caused the shuttering of large

nickel companies that do follow voluntary responsible
mining practices, such as the Nickel West operations
and the West Musgrave project in Australia.”® This trend
can be expected to continue unless there are efforts
made to reward those following responsible practices
through some form of price mechanism.

These risks to market efficiency are real and need
careful work and attention—especially given the even
bigger challenge posed by not having clear market
mechanisms to incentivize responsible production.
The solution may not be merely to institute a “green
premium,” but could include provisions such as tiered
pricing in public procurement or other requirements
for market access. However, these proposals all depend
on having clear and commonly accepted definitions

of “green” and “responsible” production, hence the
need for consolidation and harmonization of voluntary
standards, as previously mentioned, and clarity on how
these fit with regulatory requirements.

RECOMMENDATIONS

Based on the analysis of regulatory, voluntary, and
market mechanisms to encourage responsible practices,
the U.S. government should:

1. Create a national panel on mining. This idea
emanates from the Towards Sustainable Mining
(TSM) voluntary scheme developed by the Mining
Association of Canada. The TSM Community
of Interest Panel is an independent group of
stakeholders, communities, and nongovernmental
organizations that oversees the implementation
of the standards program. Consisting of 12 to
15 members, the panel is designed to provide
guidance to auditors and implementers on the
issues of particular importance and resonance in
the local context.5?¢

The United States could benefit from importing and
adapting this panel structure, even if it currently
does not and may never adopt the TSM program.
Such panels, which include cross-stakeholder
dialogue leading to improved understanding and
trust building, are useful and important in their own
right, even if not anchored to a voluntary scheme. A
U.S. version could help shape domestic regulation,
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inform policy discussions, and resolve conflicts.
And it may not need to be a single body but could
instead involve multiple panels for different regions.
Engaging the National Mining Association to explore
the feasibility of such a mechanism would be an
appropriate early step.

Incorporate voluntary responsible mining
standards into trade agreements. Over the past
10-20 years, governments in both producing

and consuming countries have increasingly
incorporated voluntary sustainability standards into
trade policy instruments—particularly free trade
agreements (FTAs)—to address environmental,
social, and economic concerns regarding commodity
production and trade. Before 2018, there were

only 17 FTAs worldwide referring to Voluntary
Sustainability Standards (VSS) across different
sectors. However, almost half of all new agreements
over the following five years referred to them in
some way.>?’

There is no notable example of voluntary responsible
mining standards being included in FTAs, and
research on commodity-specific standards being
included in such instruments is limited and
available only for certain agricultural products.>?® Yet
including such standards in trade agreements would
be uniquely suited for the United States, given

its importance in the global trade ecosystem and

its ability to use trade to influence practices both
domestically and abroad.

There are different ways in which voluntary
mining standards could be incorporated into
trade agreements. These can range from loose

to broad measures, including exchanging
information on the provenance and socio-
environmental performance of commodity
production and promoting cooperation in areas
such as labeling, to more specific aspects, such
as giving preferential treatment to products that
are certified under particular schemes. The most
notable example of this from another sector is
the European Free Trade Association (EFTA)-
Indonesia Comprehensive Economic Partnership
Agreement, whereby palm oil imported into
Switzerland from Indonesia benefits from
preferential tariff treatment if producers comply
with one of three specified voluntary schemes.?

It would not necessarily be advisable to include
specific criteria in the case of mining and

metals given the rapidly changing landscape of
responsible mining standards, but such incentives
could be considered by indicating the attributes
schemes need to have rather than naming
particular ones.

Support the development of “green premium”
instruments. Venues where commodities are
traded, such as the Chicago Mercantile Exchange,
face legitimate barriers to developing instruments
that would offer suppliers of responsibly produced
metals a “green premium.” At the same time, the
industry’s ability to voluntarily develop such
mechanisms is limited by antitrust laws and
regulations, which prohibit coordination action
by producers who might collude to manipulate

or otherwise alter prices. This gives the U.S.
government the opportunity to explore various
mechanisms for supporting the development of
green premiums.

First, U.S. public entities can participate in buyers’
clubs that favor and reward responsible producers
of mineral-based products. A notable example

is the Sustainable Steel Buyers Platform, which
aims to pool demand for responsible steel from
different buyers, thus giving impetus and scale to
the producers of these commodities.>*° Having a
deliberate focus to participate in such initiatives
can ensure that through their sizeable purchases of
minerals, U.S. public entities help grow the market
for responsibly produced products.

Second, the United States can facilitate or lead

the development of a multilateral pilot initiative
among leading Western commodity exchanges to
assess the feasibility of pooling trading activities
in a way that provides large enough markets for
contracts to be priced based on sustainability
criteria. The Chicago Mercantile Exchange and the
London Metal Exchange would be the most obvious
participants in such a pilot. This could be funded
by the U.S. government, thereby overcoming one
of the main barriers holding back the development
of such instruments: the lack of liquidity in any
individual exchange.
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CONCLUSION

For a segment of society that believes any form of
extraction from the earth is by definition irresponsible,
the term “responsible mining” seems an oxymoron.

Yet mineral production can incorporate a wide range of
responsible practices. Given the essential role of metals
and minerals in modern society and the reality of the
need to extract significantly greater quantities in the
future, there is perhaps no more urgent question than
how to make this production as responsible as possible.

The United States has an essential role to play in

this regard, both domestically and abroad. The three
most salient actions the U.S. government can take
include establishing a national panel on responsible
mining, incorporating voluntary standards into trade
frameworks, and supporting the development of green-
premium instruments.
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Washington cannot assume
that traditional alliances or
free trade agreement status
indicate alignment with
U.S. security interests.

he United States’ dependence on foreign rivals,

especially the People’s Republic of China (PRC),

for critical and strategic minerals presents a
material vulnerability to its industrial, energy, and
defense sectors. This vulnerability quietly developed
over decades, only coming to public attention in 2010
after Beijing banned the export of rare earth elements
(REEs) to Japan.*®! Although Washington has elevated
critical minerals as a top security issue, the United
States remains dependent on an increasingly adversarial
China. This chapter explores the importance and
urgency of the United States developing resilient and
secure critical minerals supply chains and recommends
a comprehensive strategy to do so.

LESSONS (NOT) LEARNED

The United States’ dependency was decades in the
making. The United States and Europe were both
happy to offshore low-margin and oftentimes heavy
and polluting industries to other nations and import
the refined goods on a just-in-time basis. This

system worked well for years. However, the Chinese
Communist Party (CCP) has forced Washington to
confront its out-of-sight, out-of-mind reliance on
China multiple times across the past three presidential
administrations. Presidents Barack Obama, Donald
Trump, and Joe Biden each responded to China’s
provocative actions differently—but incompletely, given
its continued dominance.

The Obama Years

President Obama assumed office as China dramatically
increased its military spending, replaced Japan as the
United States’ largest foreign creditor, and in 2010
became the world’s second-largest economy.**? During
his term, Beijing publicly launched the Belt and Road
Initiative, a strategy of coercive investments designed
in part to lock up natural resources for China.

In 2010, Japan detained a Chinese trawler captain
after repeated instances of illegal fishing and ramming
Japanese coast guard vessels.>® In response, China
temporarily banned the export of REEs to Japan and
implied that it would impose new quotas. These
actions skyrocketed REE prices by more than 400
percent, drawing condemnation from Washington and
Brussels.*** In response, the Obama administration
(joined by Japan and the European Union) initiated a
World Trade Organization (WTO) case against China in
2012, stating:

Now, if China would simply let the market
work on its own, we'd have no objections. But
their policies currently are preventing that
from happening. And they go against the very
rules that China agreed to follow. Being able

to manufacture advanced batteries and hybrid
cars in America is too important for us to stand
by and do nothing. We've got to take control of
our energy future, and we can’t let that energy
industry take root in some other country
because they were allowed to break the rules.>%

Senator Chuck Schumer (D-NY) criticized the WTO
case. He said, “There are faster ways to assert leverage
on China than relying on the WTO, which could take
years to resolve the case.”*3® He instead called to restrict
Chinese mining in the United States and limit World
Bank funding of PRC mining projects.

After two years of deliberations, the WTO finally
concluded in 2014 that China violated trade rules. The
U.S. trade representative Michael Froman stated, “By
upholding rules on fair access to raw materials, this
decision is a win not only for the United States, but also
for every nation that respects the principles of openness
and fairness. Those principles are the pillars of the rules-
based global trading system, and we must protect them
vigilantly.”s%



A COMPREHENSIVE U.S. CRITICAL MINERALS PLAN / FRANK FANNON

Rather than restrict exports, China flooded the market
with supplies, sending prices crashing. In less than a
year after the United States won in the WTO, its only
REE mine filed for bankruptcy protection.>*

The two terms of the Obama administration witnessed
arising and more brazen and provocative China. In
response, Washington looked to well-intended, albeit
conventional, remedies such as diplomatic convenings
and Brenton Woods-era institutions to help settle
disputes. However, the United States was unable to limit
China’s rising dominance of the critical mineral sector.

This experience showed that conventional mechanisms
are only effective when countries agree to the
conventions themselves. Since China rejects them, the
United States needs to consider an alternative approach
to the traditional rules-based order.

The Trump Years

By contrast, the Trump administration viewed critical
minerals as a proxy for U.S. economic and national
security. In December 2017, Trump issued an executive
order directing the Department of the Interior to
develop a critical minerals list.>*° The resulting May 2018
report identified 35 minerals considered critical to the
economic and national security interests of the United
States, which informed the interagency’s focus areas.>*
The report helped increase awareness of the PRC’s
control of critical mineral supply chains, beginning

in emerging markets targeted by the Belt and Road
Initiative.

The Department of State created new bilateral and
multilateral initiatives, such as the Energy Resources
Governance Initiative (ERGI), to lay the foundation
for alternative investment channels to the PRC.

For example, when the PRC sought to make major
investments to secure critical minerals in Greenland,
ERGI enabled the Bureau of Energy Resources to pursue
a series of diplomatic engagements that successfully
culminated in memorandums of understanding

to support Greenland’s geologic endowment and
preference U.S. and allied investors.**

Overall, ERGI sought to elevate transparency, support
mineral-producing countries, and eventually leverage
the newly established U.S. International Development
Finance Corporation (DFC) to provide seed capital to de-

risk projects and attract otherwise reputation-sensitive
investors.>2 However, the administration was unable
to implement its permitting reform ideas, and although
historic, the DFC made only one critical minerals
investment.>* Moreover, as the Trump administration
utilized existing tools such as tariffs and diplomatic
initiatives, it faced domestic permitting obstacles and
lacked adequate financing tools to support many U.S.-
based and U.S.-backed mining projects.

Even with new initiatives and approaches, the U.S.
government must do more to support domestic and
allied investment to develop a secure critical minerals
supply chain. This may require establishing new
government tools while rethinking and optimizing
existing ones to fit the mission.

The Biden Years

President Biden sought to return the United States to a
more conventional diplomatic position. He rescinded
certain Trump-era energy sanctions (such as on the Nord
Stream 2 pipeline), called for a review of China-directed
tariffs, and immediately directed the administration to
reenter the Paris climate accord. In further contrast to
the Trump administration’s focus on national security
and defense, the Biden administration prioritized the
climate crisis.>*

Understanding that meeting its ambitious climate
change and clean energy goals would require an
exponential increase in critical minerals, President
Biden issued Executive Order 14017 in February 2021,
which mandated comprehensive reviews of supply
chains across the U.S. government.>* The Department
of the Interior issued a new critical minerals list, adding
15 new minerals, bringing the total to 50.* Meanwhile,
the Department of Energy (DOE) released its own new
critical materials list for energy.>’ The DOE material

list rightly included copper as a “critical” mineral, but
the USGS list excluded it, even though it is vital for
every part of the modern U.S. economy—including
infrastructure, clean energy technologies, electronics,
and automotives—and the International Energy Agency
has forecasted a copper shortage.>*

The passage of the Bipartisan Infrastructure Bill and
the Inflation Reduction Act (IRA) established new
federal programs, incentives, and, importantly, billions
of dollars in funding to support clean energy supply
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chains.>* The Biden administration channeled much
of those direct grants and loans into domestic minerals
processing and clean-tech manufacturing facilities,
which should improve domestic capacities in both.

The IRA has been so effective in attracting clean-tech
investment that it has alarmed European partners, who
sought to force “concessions” from President Biden

to allow EU companies to benefit from certain IRA
subsidies.>°

The Department of State’s Minerals Security Partnership
seeks to accelerate the development of a clean energy
supply chain by convening governments and industry.>>!
The department also leads the Partnership for Global
Infrastructure and Investment, which aims to promote
mining-related investment, such as the Lobito Corridor
project.’? In addition, the DFC increased its investment
in Techmet, a technology metals company, from $25
million to $105 million but has not diversified equity-
level investments in any other mining investors or
operating companies.*

The Biden administration’s prioritization of climate
action above other issues has contributed to pragmatic
but conflicting messages. The IRA prohibits U.S. taxpayer
funds from going to a “foreign entity of concern,” which
covers firms controlled by China, Russia, North Korea,
and Iran. However, China is by far the largest and least
expensive critical minerals producer and clean-tech
manufacturer in the world. To disqualify Chinese
content from receiving taxpayer subsidies, as per the
law, would increase prices—making electric vehicles
unattractive to many American buyers. Therefore,

the Department of the Treasury amended its rules in
December 2023 to allow up to 25 percent of otherwise
disqualified Chinese content to receive U.S. taxpayer
subsidies under the IRA.5%*

The Biden administration’s actions appear to have had
an impact. Beijing went back to the 2010 playbook,
announcing curbs on the export of gallium, germanium,
graphite, antimony, and REE technology.>**> China
furthermore flooded the market with cobalt, crashing
prices and putting the United States’ only cobalt
development project into care and maintenance.>%

Based on these experiences across administrations,
developing a responsible and secure clean energy supply
chain will require two things to be effective. First, the
government needs to have absolute clarity of mission

in recognizing the challenge the United States is trying
to overcome. Second, there must be accountability to
guard against mission creep and navigate the complexity
and equities across the government. This will entail
marshaling the United States’ limited resources around
the mission to optimize impact.

A U.S. CRITICAL MINERALS
STRATEGY

China remains the world’s dominant producer,
processor, and buyer of critical minerals. The CCP
continues to push domestic policies that artificially
stimulate demand for its strategic sectors, mobilize

state financing to influence market dynamics, and shirk
environmental and human rights protections to produce
commodities at the lowest cost. These are long-standing
tactics.

The United States is still behind, but over the past

three presidential administrations, it has learned a
great deal, gained political support, and increased its
tools and capabilities to develop a meaningful and
comprehensive response. However, an effective strategy
will require a blending of the Obama, Trump, and Biden
administrations’ approaches and will test domestic and
international relations.

Mission Clarity

The United States should be clear about its objective.
National security and climate change are both important
and interrelated, but the U.S. government ultimately
needs to prioritize one over the other. It is hard to imagine
how the world can address climate change by increasing
reliance on China, the world’s super polluter, to produce
inputs for clean energy technologies.®” The United States
can and should develop a responsible and secure critical
minerals supply chain necessary for economic growth,
defense, and clean energy. However, realizing such a goal
while reducing reliance on CCP-backed industry will be
more expensive.

The United States has repeatedly tried to strike a middle
road by partnering with China on climate change but
holding firm on core principles such as human rights and
environmental standards in critical minerals supply chains.
The CCP has rejected such attempts. Rather the PRC rejects
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the primacy of addressing climate change and instead
views the matter as a core point of contention within the
UL.S.-China bilateral relationship.>%

Although disappointing, the CCP’s approach is rational
from its perspective. The party-state is motivated

first to advance its interests and second to increase

its leverage or control over the United States and the
rest of the world. By dominating the critical minerals
supply chain, China forces the United States to increase
its dependence on its adversary—and therefore forces
Washington to question its security positioning.

The U.S. government should be clear in its mission to
develop secure and responsible critical minerals supply
chains. Successive administrations have repeatedly
recognized that China dominates the production and
refining of critical minerals—and thus also the defense
industry and clean tech. To contest this threat, the White
House should explicitly articulate its intention to develop
secure supply chains and phase down reliance on China—
not to provoke hostile powers but to galvanize interested
stakeholders. Clear and unequivocal goal setting will signal
to partner governments, resource-rich countries, and
investors that the United States is on the field.

Accountability and Coordination

The U.S. government should have a single point
of accountability to oversee and coordinate the
administration’s multiple lines of effort.

The IRA and Bipartisan Infrastructure Law provided
historic levels of federal funding and new programs

to develop clean energy and critical minerals supply
chains. This explosion in funding coincided with the
dramatic expansion of agencies working on critical
minerals. Under the Biden administration, when
counting, 15 federal agencies claim a meaningful role in
U.S. critical minerals policy. While the increased interest
is a positive development, the lack of clear oversight and
management of such a complex set of issues can lead

to inefficiencies or agencies working at cross-purposes,
which may frustrate the mission.

To remedy this, the U.S. government should appoint

or designate a special presidential coordinator at a
minimum of an ambassadorial level to manage the
critical minerals portfolio. This will be a difficult but
necessary role: Although every federal agency or cabinet

member may have an interest, some interests are more
consequential to achieving the mission than others.

Furthermore, this special coordinator should align U.S.
policies to address the country’s current pacing challenge.
As mentioned, the IRA has accelerated domestic clean
energy-related manufacturing. However, the United
States has not taken sufficient action to increase supplies
of the critical mineral inputs needed to feed these new
gigafactories and industrial facilities. It may only take

5 years to build a plant but some 15 years to turn a
discovered resource into a producing mine.

Update Finance Tools

The U.S. government should update and integrate its
mission into international finance tools. The country
has just two such financing entities: the DFC and the
Export-Import Bank (EXIM). Both should have a clear
critical minerals mandate and be empowered to act upon
it, as well as the flexibility and resources to respond to
the challenges of today.

The DFC was designed to advance U.S. foreign policy,
which is why the secretary of state serves as the chairman
of the agency’s board. Yet, as the name suggests, the DFC
must also consider a “development” impact. However,

the statute does not provide a framework for weighing or
prioritizing these factors. The U.S. government should be
clear about its goals and financing, particularly as mining is
such a long-term endeavor.

The DFC’s equity and debt tools are intended to catalyze
private sector investments into key industries in
emerging market countries. However, the White House’s
Office of Management and Budget, like the DFC itself,
chooses to treat equity investments as if they were
grants, which for accounting purposes are treated as a
loss. Furthermore, when the equity investment realizes
its returns, those funds are returned to the Department
of the Treasury, not the DFC.>* This accounting
treatment significantly limits the agency’s ability to
make the requisite investments.

This scoring problem is a historical practice, not

a statutory requirement. The White House could
remedy the situation by issuing new scoring criteria
but appears unwilling to take on that political fight
without an express congressional mandate to do so.
As such, Congress should provide that directive and
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make the United States’ primary international finance
tool appropriate for the realities of the market and
geopolitical statecraft.

The DFC’s investments should be both strategic and
commercial. With those goals in mind, and to improve
political support for an expanded remit, the DFC should
prioritize investments in domestic companies. Currently,
there is no preference to support U.S. companies with
U.S. taxpayer dollars over foreign parties.

The EXIM Bank is the United States’ export credit
agency (ECA). The 90-year-old institution must
compete against the 115 foreign ECAs around

the world, especially from the PRC. In its 2019
reauthorization, Congress recognized the threat and
strength of China’s investments and directed EXIM

to establish the China Transformational Exports
Program (CTEP).>® Through CTEP, EXIM gained
greater flexibility to lend to projects focused on 10
strategic industries, including critical minerals.
Congress should continue to build upon CTEP and
further lower the domestic content requirements that
constrain EXIM’s lending authorities. The bank should
also have the clear ability to provide debt financing at
the company rather than project level. By providing
company-level lines of credit, EXIM can empower U.S.
companies to take advantage of strategic projects in
real time.

The United States has two important international
finance tools. The DFC and EXIM must be rightsized for
the challenges of today.

Permitting Reform, at Long Last

The U.S. government has long been talking about, but
doing little to improve, its permitting process. The
federal permitting process has grown into a complex
and uncertain process regardless of project type,
whether related to a natural gas pipeline or solar power
installation.>®

Bipartisan members of Congress have advocated for
permitting reform but have made little substantive
progress over the years.> The exhaustive federal
permitting process is a main obstacle to meeting the

IRA’s clean energy goals.*® The IRA contains billions of
dollars to develop clean energy networks, which will
require the construction of electric transmission lines and

improvements to the grid. According to Representative
Scott Peters (D-CA), “The problem is that the average

line is taking 10 years to build, but seven years of that

is process.”** The timeline is even worse for mining.
According to an analysis by S&P Global, it takes an average
of 29 years to turn a discovered resource into a mine in
the United States, the second-longest mine development
time after Zambia.>%

The realization that today’s exhaustive permitting process
is undermining clean energy goals has helped to expand
the parties calling for reform. In July 2024, Senators John
Barrasso (R-WY) and Joe Manchin (I-WV) introduced

the Energy Permitting Reform Act, which aims to start
addressing some of these challenges. The bill proposes to
improve certainty in decisionmaking by requiring a final
agency decision within 150 days, reducing administrative
steps, and providing clarity over the controversial
Rosemont decision.>*® The bill avoids some of the more
controversial proposals, according to some industry
advocates, such as tightening standing requirements

to legally challenge projects or proposals to increase
community engagement.

Although the bill has secured strong bipartisan support,
environmental opposition groups have rejected the
legislation, arguing that only clean energy, not oil, gas,
and mining, should share in the benefits of permitting
reform.>®” The bill—which goes too far for some but not
far enough for others—represents an incomplete but
positive and needed step forward.

Permitting reform often includes difficult and long-
standing issues, particularly concerning the history

of mining in the western United States. Yet the

federal government’s failure to address permitting—

in the meantime allowing the purchase of minerals
known to be produced in a manner inconsistent with
environmental protections, respect for human rights, or
inclusion of local communities—is patently wrong. The
United States should address this challenge head-on,
especially if mining operations are to scale up to meet
current and future clean energy targets.

Sticks

The IRA provided billions of U.S. taxpayer-funded dollars
as “carrots” to incentivize investment in clean energy
technologies. Many of these carrots take the form of tax
credits that seek to reduce costs for consumers. While
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subsidies are tried-and-true measures that can affect
consumer behavior, such carrots alone are insufficient to
remedy China’s critical minerals dominance.

According to the Federal Bureau of Investigation, “The
Chinese government is seeking to become the world’s
greatest superpower through predatory lending and
business practices, systematic theft of intellectual
property, and brazen cyber intrusions.”>® Specifically, the
Biden administration’s supply chain report found that
overreliance on China for critical minerals and materials
posed national and economic security threats.>®

It is hard to imagine a situation where China would
allow the United States to out-subsidize and erode

its dominant market share. After all, the CCP is the
world’s leader in economic statecraft, blending coercive
domestic consumption, state investment in strategic
industries, provincial support of local champions, and
a willful blindness toward best-practice standards.

And mining has been the bedrock of Chinese domestic
industrial strategy and foreign policy for decades.

In response, the United States should take a more active
and definitive role in countering the CCP’s market-
manipulating activities. Some businesses may argue
that the U.S. government should go to great lengths

to deal with the Chinese state and Chinese private
sector separately. However, this is a fool’s errand, as
there is little distinction between the two. According to
Stanford’s Center on China’s Economy and Institutions,
a large share of China’s economy operates in a gray zone
of mixed or blended ownership: “The number of private
owners with direct equity ties with the state almost
tripled between 2000 and 2019, and those with indirect
equity ties rose 50-fold. The analysis suggests that equity
ties to the state may have aided, not constrained, the
growth of China’s private sector.”>”°

The United States should take a much more realistic
approach to address the threat it faces. To start, the
United States should prohibit the use of taxpayer funds
to subsidize Chinese technology or critical mineral
interests. Furthermore, the U.S. government should
require any company receiving taxpayer funds to certify
that any imported or incorporated Chinese content or
technology meets reporting standards.

The United States should also consider critical minerals
and clean energy supply chains in light of today’s new
era of economic realpolitik. Washington cannot assume

that traditional alliances or free trade agreement status
indicate alignment with U.S. security interests. For
example, European Commission president Ursula von
der Leyen would like the European Union to qualify
for IRA subsidies even though several European EV
factories are owned by Chinese companies.>’* And

in November 2022, German chancellor Olaf Scholz,
together with the heads of Volkswagen and other
companies, met with Chinese leader Xi Jinping in
Beijing to boost business ties.*”? Such moves to increase
dependence on a strategic threat weaken free nations’
shared security.

Even as it works to strengthen traditional alliances, the
United States should take a more pragmatic approach.
U.S. and European officials have discussed creating a
critical minerals buyers’ club, but to be credible, club
membership should be dependent on more rigorous
criteria than just geography.*”

CONCLUSION

In 2010, China banned the export of REEs to Japan. In so
doing, the CCP fired the first, transformative salvo in an
ongoing fight to leverage its critical minerals dominance
to coerce, intimidate, and extort. The United States

has since learned some valuable lessons. Successive
administrations have tried multiple, albeit incremental,
remedies aimed at encouraging China to behave
responsibly and incentivizing U.S. and allied companies
to reorient their consumption.

Although meaningful, these incremental tactics have
not altered the CCP’s strategy, and the United States has
failed to develop secure supply chains. Building on the
experience of the past three administrations, the United
States should follow the above guidance to achieve its
objectives.

U.S. leaders should recognize that, given the scale of the
challenge, the federal government has a meaningful role
to play. Yet, the country’s comparative advantage lies
instead in its dynamic and world-leading private sector.
To that end, U.S. diplomacy and financial tools should
be rightsized to achieve the mission. This rightsizing
must also apply to domestic policy. Leaders must finally
take on long-standing special interests to advance
meaningful permitting policy reform.
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The United States has been forced to engage in a new
era of economic realpolitik. This awareness requires

the United States to reconsider traditional alliances

and partner relationships at a company or project

level. Chinese companies have expanded and, in

certain instances, entrenched themselves within
traditional allies’ commercial interests. As such, the
U.S. government needs to guard against unintentionally
supporting adversarial interests.

In his famous speech launching the Space Race,
President John F. Kennedy asked Americans “to accept
a firm commitment to a new course of action, a course
which will last for many years and carry very heavy
costs.””’* Kennedy’s Apollo program was transformative
for the United States’ leadership in the world and led to
innumerable technological innovations.

Transforming the United States’ economic engine
presents a challenge orders of magnitude greater than
putting a man on the Moon. But while building secure
clean energy and critical mineral supply chains will be
neither easy nor inexpensive, it is increasingly vital.
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his book has highlighted the cross-cutting

importance of critical minerals security for

national security, economic competitiveness,
and the energy transition. Minerals are the bedrock
of military technologies, semiconductors, electric
vehicles (EVs), and clean energy technologies. The
United States’ overreliance on China has already
brought dire consequences, as evidenced by the full
ban on germanium, gallium, and antimony exports
to the United States, alongside strict restrictions
on graphite in December 2024. Addressing these
challenges is not merely an economic necessity, but a
national security imperative.

Strengthening U.S. critical minerals supply chains
demands a comprehensive strategy focused

on domestic resource development, advanced
processing and recycling technologies, international
partnerships, and sustainable practices. This volume
explores these strategies and provides concrete
recommendations for multiple dimensions of
minerals security to ensure resilience and self-
reliance in critical minerals supply chains.

This volume has three primary objectives with
regards to critical minerals and the future of the

U.S. economy. First, it shows dependence of the
twenty-first-century U.S. economy on a wide

range of minerals for industries such as defense,
semiconductors, and clean energy—and identifies
where key minerals vulnerabilities exist within these
supply chains. Second, it evaluates the policies and
legislative initiatives undertaken during the Biden
administration, identifying both strengths and
weaknesses, before providing recommendations to
enhance these efforts. And finally, it puts forward

a comprehensive set of recommendations in key
areas for the new administration, including domestic
permitting, midstream processing, international
engagement, and responsible mining.

This volume is intended to be a resource for
policymakers in the new U.S. administration and
Congress, written by experts with deep expertise
working with industry and government. This book
shows that critical minerals have never been more
important for the U.S. economy than at this critical
juncture. And yet significant vulnerabilities continue
to exist in the supply chain, despite the ongoing efforts
by government and businesses to address them.

Three prevailing themes emerge from the rich and
diverse analysis contained in these chapters. First,
critical minerals are ever-more pervasive in the
modern U.S. economy and crosscut all facets of
defense, economic security, and energy security.
Second, although the U.S. government has taken
credible steps and has invested hundreds of billions
of dollars in addressing vulnerabilities in the critical
minerals supply chain, it remains dependent on
foreign adversaries—primarily China, but also Russia
for minerals such as palladium. Lastly, given the
dispersion of mineral resources globally, the United
States will not be able to achieve full independence
in the supply chain on its own. Addressing domestic
permitting bottlenecks will need to go hand-in-hand
with working with allies in developed countries and
the Global South to break China’s stranglehold on the
global critical minerals market.

A fundamentally important element of any new
approach to critical minerals policy must be undertaken
in a strategic and integrated fashion. The interconnected
policy recommendations put forward by the authors

in this volume address the challenges of critical
minerals dependency by promoting economic security,
sustainability, and innovation. The United States
urgently requires a comprehensive critical minerals
strategy. By developing such an integrated approach,
the United States will strengthen the foundation for
industries essential to the future, including defense,
semiconductors, EVs, and renewable energy.

Ten key recommendations emerged in this volume:

1. Develop a comprehensive incentives package for
mineral production and processing.

The administration should create a comprehensive
incentives package focusing on minerals production
and processing for vital industries, including
defense, semiconductors, EVs, and energy. This
strategy must go further than the CHIPS and Science
Act, which was developed to bolster domestic
semiconductor manufacturing but failed to include
any support for securing the minerals needed to
produce the semiconductors. Any new strategy must
also be more aggressive than the Inflation Reduction
Act (IRA), which created useful incentives to invest
in critical minerals production and processing but
was self-limiting, given that it only applied to the



CONCLUSION / GRACELIN BASKARAN AND DUNCAN WOOD

United States and countries with which it had a
free trade agreement. The incentives must support
domestic and international mineral production.
The lack of sufficient U.S. mining supply chain
investment incentives abroad has allowed China
to gain control of a substantial share of resources
in Latin America and Africa and export them back
to China for processing. If the United States is to
meaningfully loosen China’s chokehold on mineral
production, it must implement incentives that reach
both producers at home and investors abroad.

Minerals projects in the United States are struggling
to stay competitive and remain operational amid
low commodity prices and intense competition
from China. Chinese mineral operations tend to

use cheaper energy sources and labor to keep costs 2.
low. Additionally, projects are often heavily state
subsidized, with the government serving as a buyer
of last resort to manipulate markets and keep prices
low. As a result, Western producers are unable to
compete and in some cases are producing at a net
loss. As a result, Western investors are less eager and
more hesitant to invest in minerals projects in the
United States and in partner nations. Incentives help
these strategic projects to remain competitive and
profitable by providing capital support upfront that
offsets the costs and risks of mineral investments.
Comprehensive incentives packages that target
minerals beyond those used in EV batteries are a
necessity to ensure Western private industry makes
the investments now that will yield the required
minerals for strategic industries in the near future.

There has thus far been insufficient investment
in the critical minerals needed for advanced
semiconductor technologies, particularly gallium
and germanium. Implementing tax credits for
midstream production of minerals domestically
and in key allied countries can help to ensure
these complex projects get off the ground. For
EVs, the 30D provision of the IRA should be
modified to expand benefits beyond solely free
trade agreement (FTA) countries. Few mineral-
rich countries currently hold an FTA-equivalent
agreement with the United States, and are
therefore excluded from IRA benefits. This is a
critical step to incentivize mineral-rich nations to
secure offtake agreements with Western countries
instead of China.

FEOC rules should be tightened for incentives
across industries. The current FEOC threshold
of 25 percent ownership is too high and means
projects with significant Chinese ownership are
receiving benefits subsidized by U.S. taxpayers.
However, given the limited number of projects
outside of China for some key minerals,
eliminating all tax benefits immediately could
undermine market confidence and lead to supply
chain disruptions. Instead, FEOC rules should be
gradually phased down to 0 percent so that only
projects that align with U.S. interests receive
benefits, bolstering the production of minerals
that support the semiconductor, EV, energy, and
defense industries.

Invest in innovation.

The U.S. economy continues to be among the most
innovative in the world, and the power of this
innovation must be harnessed to drive technological
progress, improve competitiveness, and reduce

the country’s critical minerals vulnerabilities.
Investments in building recycling capabilities also
reduce the quantity of primary minerals that need
to be mined in the future, reducing the risk of future
shortages. Innovation will be particularly critical for
the semiconductor and defense industries, which
are the mainstay of the country’s national and
economic security.

« Semiconductors: After initially imposing
export restrictions on gallium and germanium
in 2024, China escalated to a full export ban
of these two commodities to the United
States in December 2024. The United States
needs to rapidly build the technological
expertise for refining gallium and germanium.
Achieving the required purity levels of
over 99.99 percent for the semiconductor
industry necessitates specialized technology,
infrastructure, and knowledge, which are
currently absent. Currently, the United States
has just one company refining high-purity
gallium and only one facility for germanium.
Establishing a research and development
(R&D) lab could foster innovation, enhance
processing capacity, reduce the industry’s
environmental footprint, and reduce
production costs. Targeted funding through
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CHIPS Act initiatives, such as the National
Institute of Standards and Technology’s R&D
program and the Microelectronics Commons,
would support advanced materials research,
facilitate commercialization, and drive the next
generation of semiconductor manufacturing.

« EVs: Given the importance of sustaining
the economic competitiveness of the
domestic automotive industry, the new
administration should invest in R&D into
cost-efficient, resource-abundant battery
technologies and recycling technologies to
strengthen the circular economy. Innovative
battery technologies and the development
of substitutes for scarce materials are key
to alleviating resource pressures. Ongoing
research into alternative battery technologies
that reduce or eliminate reliance on critical
minerals like cobalt must be supported by
grants and collaborations with universities
and startups.

Just as the Department of Energy funds laboratories
for critical minerals in EVs and clean energy, the
Department of Commerce should support similar
initiatives for semiconductor minerals like gallium
and germanium to scale refining capabilities and
technologies. Likewise, the Department of Defense
should similarly adopt efforts for minerals like
tungsten and antimony.

Strengthen stockpiling.

The United States should establish a Critical
Minerals Reserve to stabilize supply chains,

mitigate geopolitical and market risks, and reduce
dependence on foreign-controlled resources, using
authorized market makers backed by federal loans
to procure minerals from approved jurisdictions and
support domestic and allied industries. The National
Defense Stockpile (NDS) was created under the
1939 Strategic and Critical Materials Stock Piling Act
to provide for the acquisition of critical materials

to meet defense industry needs in cases of national
emergency.”” In the event of a natural disaster,
regional conflict, or large-scale war, government-
owned physical reserves of minerals can provide
both the U.S. military and commercial industry with
minerals needed for national defense.

Strategic stockpiles are increasingly put forth as a
potential policy tool to not only provide materials

in a national security emergency but also as a
mechanism to help stabilize commodity markets. A
government-run minerals stockpile can serve as a
buyer of last resort for private industry. When global
prices are too low for U.S. producers to compete due
to subsidized Chinese production, the government
could purchase minerals for the stockpile to drive
demand and raise prices.

To strengthen mineral stockpiles, Congress

should boost discrete program appropriations for
the NDS Transaction Fund. From 1968 to 2022,
Congress appropriated no new budget authority for
minerals stockpiling. Over the past few decades,
the minerals stockpile was depleted significantly,
as the Department of Defense determined that
over 99 percent of the stockpile was excess to the
department’s needs and Congress soon authorized
its disposal.”’® As 0f 2023, the stockpile’s value was
estimated at just 1.2 percent of its 1962 value when
adjusted for inflation.>”” Overall, the twenty-first
century has seen minimal policy action around
mineral stockpiling. Consequently, the NDS is
significantly smaller and less powerful as a market
mechanism than China’s minerals stockpile.

Adopt a coordinated government approach.

The United States will need to strengthen both its
mission clarity and coordination. At present, the
U.S. government has yet to agree on a single critical
minerals list, lacks a coordinating agency, and has
incomplete incentives. The U.S. government should
have a single point of accountability to oversee

and coordinate the administration’s multiple

lines of effort. There are currently 15 government
departments and agencies working on critical
minerals. While the increased interest is a positive
development, the lack of clear oversight and
management of such a complex set of issues can
lead to inefficiencies or agencies working at cross-
purposes, which may frustrate the mission.

Support the implementation of responsible
mining practices.

One of the consistent grievances with some
Chinese firms is their poor environmental,
social, and governance practices. This includes



CONCLUSION / GRACELIN BASKARAN AND DUNCAN WOOD

heavy deforestation and land degradation, low
wages, failure to employ local workers, and use of
bribery.>’® Adopting responsible mining practices
can differentiate the United States from China and
make it a more attractive investment partner.

Environmentally and socially responsible standards
are vital in mining to address the sector’s significant
environmental, social, and governance challenges.
They promote sustainable practices by reducing
pollution, protecting biodiversity, and ensuring
efficient resource use. Such standards also
emphasize fair community engagement, worker
safety, and ethical governance, helping to build trust
and manage risks like corruption and reputational
damage. They also provide helpful frameworks to

be applied to new emerging frontiers for mineral
extraction, like deep sea mining.

+  With growing investor and consumer demand
for responsibly sourced materials, adherence to
environmental and social principles improves
social license to operate, regulatory compliance,
access to green financing, economic feasibility,
and long-term profitability for minerals projects
on land and under the sea.

+  Voluntary standards should be consolidated
into one global system with independent
oversight to streamline compliance and
increase the effectiveness of industry-imposed
standards that are currently inconsistent and
cumbersome. This could be achieved by creating
anational panel on mining and incorporating
standards into trade agreements.

+  The federal government should fund research
and pilot projects for deep sea mineral
processing and work toward full-scale projects
with support from programs like the Inflation
Reduction Act’s 48C credit, the Defense
Production Act, and the Loan Programs Office.

6. Bolster financing for minerals supply chain

development.

The U.S. International Development Finance
Corporation (DFC), Defense Production Act (DPA),
and Inflation Reduction Act (IRA) provide significant
grant funding, loan guarantees, and tax credits that
offer vital sources of capital for minerals projects.

Without these financing mechanisms, few Western
projects would be profitable, and few companies
would be willing to invest in risky but strategic
projects abroad. With government financing support,
companies like Lynas Rare Earths, Syrah Resources,
Albemarle Corporation, and TechMet are initiating
and expanding mining and processing capacity both
in the United States and in foreign partner countries.
But current financing mechanisms are still not
enough to compete with foreign adversaries and
secure mineral resources around the world.

The limitations of the DFC, DPA, and IRA programs
leave many key mining jurisdictions outside of
financing mechanisms.

+  The DFC can be amended by Congress to expand
its impact by allowing financing in high-income
countries. The DFC’s role in fostering minerals
security is still fairly new, but a number of
DFC-backed investments in Brazilian nickel,
South African copper, and Angolan rare earths
are already making an impact by helping to
mitigate risks for strategic projects in mineral
rich but underdeveloped nations. The DFC can
continue to foster government-to-government
cooperation and grow its impact by expanding its
authorities and the number of eligible nations.

+  The DPA spending authority should be increased
while making greater use of purchasing
commitments. DPA funds can now be used for
projects in not only the United States and Canada
but also Australia and the United Kingdom.
More eligible jurisdictions mean more strategic
projects can be funded to close supply chain
gaps for defense minerals. More DOD purchase
commitments can sustain the capabilities that
have received investments and provide industry
with the demand signal and business case to
make their own additional investments.

+  Price floors are a key financing support
mechanism that gives projects assurance
they will remain profitable even in the face of
volatile and falling commodity prices. With
this price support, industry is more likely to
make strategic investments, knowing their
products will sell at a fixed price without
being subject to uncertain market conditions
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vulnerable to Chinese manipulation. Price
floors hedge risks and keep operational key
minerals projects that serve U.S. interests.

Together, these policy adjustments will augment current
financing programs and allow financial support to reach

mineral-rich jurisdictions that were previously left out
of these opportunities.

7.

Develop the critical minerals workforce.

The Society for Mining, Metallurgy, and Exploration
has estimated that more than half of the current
workforce will be retired and replaced by 2029
(roughly 221,000 workers).>” A skilled workforce is
crucial for sustaining industries reliant on critical
minerals. Throughout this volume, authors have
recognized the need for investments into education,
training, and lifelong career learning. Workforce
development programs focusing on technical
training in mining, materials science, processing
and refining, defense applications, and advanced
manufacturing will prepare the American labor force
to support resilient domestic supply chains and
maintain technological leadership.

+  The new administration should work with
Congress to establish a National Critical
Minerals Workforce Initiative, leveraging
federal programs like WIOA and tax incentives.
This would help address workforce challenges
by supporting education in key fields, fostering
community college certifications, and
integrating regional training centers into the
American Job Centers network.

+ Increasing investments in workforce
development, leveraging successful
initiatives like the Industrial Base Analysis
and Sustainment (IBAS) program’s National
Imperative for Industrial Skills (NIIS), would
strengthen recruitment, training, and retention
efforts in key sectors such as critical minerals
through active partnerships and regionally
focused activities.

Streamline the domestic permitting process.

If the United States is to effectively boost domestic
production of critical minerals, a number of serious
challenges in the domestic permitting process must

be overcome. A streamlined permitting process
reduces delays, lowers costs for mining companies,
and encourages private sector investment in
domestic projects, reducing dependence on foreign-
controlled supply chains. It also enhances the
efficiency and predictability of regulatory reviews,
enabling companies to plan and execute projects
more effectively while maintaining environmental
and community safeguards. By balancing
environmental, social, and governance concerns with
expedited approvals, a reformed permitting process
supports a resilient and competitive critical minerals
industry, bolsters economic growth, and ensures
that the United States can secure a stable supply of
these essential materials for its energy transition and
technological needs. The authors in this book have
suggested the following concrete initiatives:

+  Congress should increase funding for agencies
to hire more mineral experts, enabling timely
National Environmental Policy Act (NEPA)
reviews by improving early engagement with
mine project applicants and reducing delays
caused by insufficiently detailed mine plans.
Congress should also allocate additional
funding to defray mine applicants’ permitting
costs, including support for hiring approved,
high-quality contractors to streamline the
NEPA process and reduce compliance burdens.

- The new administration should direct the
Permitting Council to use its voting authority
to include more mining projects under FAST-
41, bypassing the $200 million investment
threshold for projects extracting critical energy
transition minerals.

+  The new administration’s Council on
Environmental Quality (CEQ) should issue
a rule establishing clear thresholds for
“Intensity” factors in the NEPA process,
enabling agencies to determine when an
environmental impact assessment (EIS)
is sufficient and avoiding unnecessary
environmental impact statement preparation.
Increasing the use of programmatic
environmental reviews and categorical
exclusions would streamline permitting for
critical minerals projects by pre-evaluating
broad categories of activities, reducing
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redundancy in individual project assessments.

+  Congress could pass legislation categorically
exempting mines producing primary energy
transition minerals from NEPA’'s environmental
assessment and EIS requirements, expediting
permitting timelines while specifying covered
minerals from the Department of Energy’s
critical energy materials list.

9. Pursue strategic international engagement.

The United States will need to take a page out of
China’s playbook if it is to meaningfully compete.
Over the past 30 years, China has leveraged its
foreign policy to establish a dominant position

in global critical minerals markets. Although it
produces only 10 percent of the world’s lithium,
cobalt, nickel, and copper, China has made strategic
investments globally and imports enough to process
65 to 90 percent of the global supply of these
metals at home.5® The United States will need to
collaborate with historical allies—like Australia,
Canada, and the European Union—in addition to
Global South countries. This will require a judicious
balance of sticks and carrots.

+  The administration should prioritize stable tariff
policies and minimize tariffs with allied nations
to maintain investor confidence and minimize
potential supply chain disruptions. It should
balance tariffs and restrictions on Chinese
products to address market manipulation,
unfair practices, carbon intensity, and human
rights without applying a blanket exclusion
on Chinese firms, given that non-Chinese
supply chains for a number of commodities are
currently underdeveloped or undeveloped.

+  The U.S. government can align its diplomacy
efforts with its financing mechanisms—for
example, priority financial support can be given
to partners and forum members in the Minerals
Security Partnership (MSP). It can also reform
existing financing instruments to enable greater
flexibility to fund supply chain diversification
projects. For example, the 2025 reauthorization
of the DFC provides an opportunity for the
institution to go beyond its current mandate
and finance mining projects in high-income
allied countries like Canada and Chile.

+  The United States should utilize technical
assistance. This includes supporting the
geological mapping of resource-rich countries,
which can de-risk investments for exploration
companies seeking to invest in emerging
economies. This is vital because over 99 percent
of exploration projects are unsuccessful.>®! This
effort also includes investing in infrastructure.
The mining industry is highly energy and
water intensive and requires rail and port
infrastructure to be exported. China has gained
a significant upper hand through infrastructure
investment in resource-rich developing
countries. During the first 10 years of China’s
Belt and Road Initiative (BRI), it invested $1
trillion.>®? These investments have allowed
China to secure raw materials for domestic
processing.

10. Strengthen the defense industrial base.

China is rapidly expanding its investments in
munitions and acquiring advanced weapons systems
and equipment at a pace five to six times faster than
the United States.>®3 While China operates with a
wartime mindset to enhance its military readiness,
the United States maintains a peacetime approach.
Even before the implementation of new restrictions,
the U.S. defense industrial base struggled with
insufficient capacity and limited surge capabilities
to meet production demands for defense
technologies. Restrictions on critical mineral inputs
will only exacerbate this gap, enabling China to
further outpace the United States in developing
these capabilities.

+  TheJoint Staff should develop a war-planning
scenario aligned with DOD policy and National
Defense Strategy objectives. This updated
scenario would enable the generation of more
realistic estimates for defense-related critical
minerals requirements, ensuring adequate
preparedness for future conflicts.

The DOD should stabilize funding for critical
minerals in the base budget to ensure
predictability for industry and investment
planning, moving beyond reliance on one-
off supplemental appropriations by utilizing
mechanisms like discrete program increases
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or functional transfers within industrial
mobilization programs.

+  The DOD should streamline critical minerals
sourcing rules by conducting an acquisition
reform study to identify and consolidate
overlapping regulations, simplifying exception
structures. It should also develop a legislative
proposal to reduce compliance burdens
while supporting sub-tier supplier validation
and military specification development.
Furthermore, delegating authority for approving
Presidential Determinations to the secretary
of defense would significantly shorten the
timeline for industrial base investments
while ensuring informed decisions on critical
minerals shortfalls with input from relevant
departments and agencies.
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